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Florida State Horticultural Society 
Officers Elect for 1946 





PRESIDENT 


FRANK M. O’BYRNE 
Lake Wales 





EARL W. HARTT FRANK STIRLING W. F. WARD 
Avon Park Ft. Lauderdale Avon Park 
DR. DAVID FAIRCHILD DR. G. D. RUEHLE 


Honorary Krome Memorial Institute 
Krome Memorial Institute Homestead 
Coconut Grove 


DR. J. R. BECKENBACH 
Vegetable Section 
Bradenton 





SECRETARY 
DR. RALPH L. MILLER, Plymouth 





ASSISTANT SECRETARIES 
RALPH H. THOMPSON, Winter Haven 
DR. H. S. WOLFE, Gainesville 
DR. F. S. JAMISON, Gainesville 





TREASURER 
FRANK L. HOLLAND, Winter Haven 





EXECUTIVE COMMITTEE 


R. S. EDSALL, Wabasso, Chairman C. D. KIME, Ft. Pierce 
LEM P. WOODS, JR., Tampa FLOYD L. WRAY, Hollywood 
DALE TALBERT, Vero Beach 





CONSTITUTION 


Article 1. This organization shall be known as the Florida State Horticultural Society, 
and its object shall be the advancement of Horticulture. 

Article 2. Any person cr firm may becomean annual member of the Society by sub- 
scribing to the Constitution and paying two dollars. Any person or firm may become a per- 
ennial member of the Society by subscribing to the Constitution and paying the annual 
dues for five or more years in advance. Any person or firm may become an annual sustain- 
ing member of the Society by subscribing to the Constitution and paying ten dollars. Any 
person may become a life member of the Society by subscribing to the Constitution and 
paying fifty dollars. Any person or firm may become a patron of the Society by sub- 
scribing to the Constitution and paying one hundred dollars. 

Article 38. Its officers shall consist of a President, three Vice-Presidents, Secretary, As- 
sistant Secretaries, Treasurer and Executive Committee of five, who shall be elected by 
ballot at each annual meeting. These officers shall take their positions immediately follow- 
ing their election. The duties of the Assistant Secretaries shall be outlined and supervised 
by the Executive Committee. 

Article 4. The regular annual meeting of this Society shall be held on the second Tues- 
day in April, except when ordered by the Executive Committee. 

Article 5. The duties of the President, Vice-Presidents, Secretary and Treasurer shall 
be such as usually devolve on these officers. The President, Secretary and Treasurer shall 
be ex-officio members of the Executive Committee. 

Article 6, The Executive Committee shall have authority to act for the Society between 
annual meetings. 

Article 7. The Constitution may be amended by a vote of two-thirds of the members 
present. 

Article 8. A section of the annual program of the Society shall be devoted to the dis- 
cussion of sub-tropical fruits, exclusive of the commonly grown varieties of citrus fruits. 
This section shall be known as the Krome Memorial Institute. It shall be presided over by a 
fourth vice-president who shall be elected by ballot at each annual meeting by the members 
in attendance at the Institute. The fourth vice-president shall be an ex-officio member of 
the Executive Committee. 

Article 9. The Executive Committee may, at its discretion and on the basis of merit, 
nominate not to exceed five persons in any one year, for Honorary Membership in the Soc- 
iety. Honorary members shall enjoy all privileges of the Society. 

Article 10. A section of the annual program of the Society shall be devoted to the dis- 
cussion of vegetables and other truck crops. This section shall be known as the Vegetable 
Section of the Florida State Horticultural Society. It shall be presided over by a Vice-Presi- 
dent, who shall be elected at each annual meeting of the Society by the members in at- 
tendance at the Section. The Vice-President shall be an ex-officio member of the Executive 


Committee. 
BY-LAWS 


1. The Society year shall be co-extensive with the calendar year, and the annual dues of 
members shall be two dollars. 

2. All bills authorized by the Society or its Executive Committee, for its legitimate ex- 
penses, shall be paid by the Secretary’s draft on the Treasurer, O. K’d by the President. 

3. The meetings of the Society shall be devoted only to Horticultural topics, from sci- 
entific and practical standpoints, and the presiding officer shall rule out of order all mo- 
tions, resolutions and discussions tending to commit the Society to partisan politics or mer- 
eantile ventures. 

4. All patron and life membership dues and all donations, unless otherwise specified by 
donor, shall be invested by the Treasurer in United States Government bonds. The earn- 
ings from these bonds shall be left as accrued values or reinvested in United States Govern- 
bent bonds of a guaranteed periodical value unless it is ordered by the Executive Commit- 
tee or the Society that such earnings can be made available for operating expense. Re- 
ceipts from perennial membership dues shall be placed on deposit at interest by the Treas- 
urer. Only two dollars ($2.00) from each perennial membershiv fee shall be available 
during any calendar year for payment of operating expenses of the Society. 





LIST OF MEMBERS 


1945 


HONORARY MEMBERS 


Chase, J. C., Winter Park 

Fairchild, Dr. David, Coconut Grove 
Floyd, W. L., Gainesville 

Haden, Mrs. Florence P., Coconut Grove 


Hastings, H. G., Atlanta, Ga. 
Henricksen, H. C., Eustis 


Holland, Spessard L., Bart 

Hume, Dr. H, Harold, Gainesville 
Lipsey, L. W., Blanton 

Mayo, Nathan, Tallahassee 

Robinson, T. Ralph, Terra Ceia 
Swingle, Dr. W. , Washington D. C. 
Webber, Dr. H. i Riverside, California 


PATRON MEMBERS 
COMPANIES 


American Agricultural Chemical Co., 
Pierce 
American Fruit Growers, Inc., Maitland 
Angebilt Hotel, Orlando 
Armour Fertilizer Works, Jacksonville 
Buckeye Nurseries 
Chase’ & Co., Sanford 
Coral Reef Nurseries Co., Homestead 
Deerfield Groves, Wabasso 
Deering, Chas. 
Exchange Supply Co., Tampa 
Exotic Gardens, Miami 
Florida Citrus Exchange, Tampa 
Florida East Coast Hotel Co., 
St. Augustine 
Florida Grower Publishing Co., Tampa 
The Fruitlands Co,, Lake Alfred 
Glen St. Mary Nurseries Co., 
Glen St. Mary 


Gulf Fertilizer Co., Tampa 

Hastings, H. G. Co., Atlanta, Ga. 

Hillsboro Hotel, Tampa 

Klemm, A. M. & Son, Winter Haven 

Lake Garfield Nurseries, Bartow 

Manatee Fruit Co., Palmetto 

Mills The Florist, Jacksonville 

Nocatee Fruit Co., Nocatee 

Oklawaha Nurseries Co., Inc., Lake Jem 

Peninsular Chemical Co., Orlando 

Schnarr, J. & Co., Orlando 

Southern Crate Manufacturers Assn. 

Thomas Advertising Service 

U. §S. Phosphoric Products, Tennessee 
a ge a 61'N, Broadway, 
New. York, N. Y. 

Van Fleet Co., Winter Haven 

Wilson & Toomer Fertilizer Co., 
Jacksonville 


INDIVIDUALS 


Beach, John B., West Palm Beach 
(Deceased). 


Floyd, Bayard F., Davenport, (Deceased). 


Gardner, F. C., Lake Alfred 


Hart, W. S., New Smyrna, (Deeceased). 


Krome, W. J., Homestead (Deceased). 
Rolfs, P. H. Gainesville, (Deceased). 
Skinner, L. B., Dunedin, (Deceased), 
Stead, Lindsay, P. O. Box 809, 

Ft. Pierce 
Taylor, John S., Largo (Deceased). 


* All addresses are in Florida unless other wise shown. 
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REGULAR MEMBERS 


Life Members shown in capitals 
Sustaining Members in blackface type 


Annual Members 


in ordinary type 


Perennial Members for period shown 


Abbey, O. H., 827 S. E. Second St., 
Ft. Lauderdale 

Abbott, Charles E., U. of F., Gainesville 

Abbott, Fred P., SAL Ry., Union Station, 
Savannah, Ga. 

Adams Packing Association, Auburndale 

Adkinson, W. Hal, Minneola 

ALBERTSON PUBLIC LIBRARY, Orlando 

ALDERMAN, A, D., Bartow 

Alexander, J. F.. Bartow 

ALLENBRAND, ALFRED, 2911 6th 
Ave. North, St. Petersburg 6 

Allison, Dr. R. V., Everglades Exp. Sta. 
Belle Glade 

Allsopp, Harold L., 515 S. Aiken Ave., 
Pittsburgh, Pa. 

Alsmeyer, Louis H., Sebring 

Ambrose Groves, Winter Haven 

American Fruit Growers, Inc., Wabasso 

American Potash and Chemical Corp., 
214 Walton Bldg., Atlanta, Ga. 

American Potash Institute, Inc., 710 
Mortgage Guarantee Bldg., 
Atlanta, Ga. 
Anderson, Dr, E. M., Rhode Island 
State College, Kingston, R. I. 
Anderson, Lawrence B., Bradley Junction 
ANDREWS, C. W., John Crear Library 
Chicago, III. 

Ansel, Edwin J., La Orduna, Ver, Mexico 

Arzave, Ing Genarv, Apartado No. 102, 
Monterey, N. L., Mexico 

Atkins, C. D., Winter Haven 

Atkinson, Lawrence, Umatilla 

Atwood Grapefruit Company, 
The (1941-45), Manavista 

Ausley, Paul C., 716 Mtg. Guaranty Bldg., 
Atlanta, Ga. 

Ayers, Ed. L., 605 19th St. W., Bradenton 

Backus, F. E., Box 283, Frostproof 

Bahrt, George M., U.S.D.A., Box 629, 
Fairhope, Ala. 

Bailey, E. R., Sanibel Packing Co., 
Sanibel 

Bair, Dr. Roy A., Everglades Expt. Sta., 
Belle Glade 

Ballast, A. J., Box 57, Ferndale 

Banks, J. J. Jr., Box 849, Orlando 

Barber, B. D., Box 685, Clearwater 

Barksdale, D. N., Box 2567, Mulberry 

BARBER, C. F., Macclenny 

Barns, Judge Paul D., 3575 St. Gaudens 
Rd., Coconut Grove 


Barns, Thomas J., Largo 

Barrus, Mrs. Edith Y., Box 2751, 
West Palm Beach 

BARTLUM, W. LEONARD, Florida 
Agricultural Supply Co., Orlando 

Baskin, J. L., Box 1051, Orlando 

Bass, C. A., 79 NW 34th St., Miami 

Bassett, Henry, Floral City 

Baxley, B. D., Box 164, Station A, 
Atlanta, Ga. 

Bazemore, J, F., Box 1020, Orlando 

Beardsley, J. E., Clewiston 

Beckenbach, Dr. J. R., Vegetable Crops 
Laboratory, Bradenton 

Beckler, W. A., Box 167, Sarasota 

Beckton, Edward, Vero Beach 

Beerhalter, A., Ft. Pierce 

Belleau, A. W., Box 310, Tampa 

Benitez, Lic. Jose, Edificio La Nacional, 
Monterey, N. L., Mexico 

Bennett, E. C., Oklawaha 

Bennett, Gardner, 3127 Oakly Ave., 
Tampa 

Bennett, H, W., Box 350, Gainesville 

BERGER, MRS. E. W., Gainesville 

Bergstrom, S. H., 233 Broadway, 
New York 7, N. Y. 

Berry James R., Waverly 

Bingham, H. R., Bingham Seed Co., 
Jacksonville 

Bischoff, Wm. H., Miami Daily News, 
Miami 

Bishop, Robt. J., Box 3791, Orlando 

Bittle, G. E., Box 572, Haines City 

Bittle, W. M., Box 572, Haines City 

Blackmon, G. H,, Agr. Exp. Sta., 
Gainesville 

Bland, Mrs. W. T., Lake Jem 

Blandford Groves, Lake Jem 

Booth, J. B., Jr., Tavares 

Borders, H. I., Rt. 2, Box 508, 
Homestead 

Boswell, Ralph, c/o Citrus Magazines, 
110 Oak St., Tampa 

Botzenhardt, E. W., 4340 Audubon Ave., 
Detroit, Mich. 

BOUIS, CLARENCE G., Box 6, 
Ft. Meade 

Bourland, V. E., Winter Garden 

Bradbury, Chas. O., Beymer Bldg., 
Winter Haven 

Bradbury, Geo. C., 946 Michigan Ave., 
Evanston, III. 
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Brenner, H. H., Box 27, Davenport 
Briggs, W. R., Ft. Pierce 

BRINGHAM, M. §&., Micco 

BRITT, JOHN F., Ft. Pierce 

Brock, G. R., Box 506, Cocoa 
Brockway, E. K., Clermont 

Brooks, Inc., Coconut Grove 

Brooks, Dr. Chas., 110 N Shine St. Orlando 
Brooks, Demas, Haines City 

Browder, D. H, & Son, Box 310, Arcadia 
BROWN, A. C., Gainesville . 


Brown, Glenn, Box 164, Tavares 

Brown, T. O., Brown & Co., Frostproof 

Bryan, Dr. O. C., Lakeland 

Bryan, R. L., Bartow 

Bullard & Sprott, Lake Wales 

Burch, R. W., Ine. Box 310, Plant City 

Burg, Roy N., Loxahatchee 

Burns, J. C., (Rohm & Haas Co.) 
Box 589, Bradenton 

Burrichter, August, Homestead 

Buskirk, R. J., 560 W Peachtree St,, 
Atlanta, Ga. 

Butts, Donald, Florida Citrus Commission, 
Lakeland 

Cadmus, Harold J., Apopka 

Cain, Thomas L., Cocoa 

Caldwell, Gov. Millard F., Tallahassee 

Calif. Fruit Growers Exchange, Res. 
Dept. 616 E. Grove, St., 
Ontario, Calif. 

Camp,.Dr. A. F., Lake Alfred 

Campagne, A. H., Box 298, Winter Haven 

Campbell, Courtney, Food Machinery 
Corp., Dunedin 

Cardone, Mrs. Paul, Ft, Myers Beach 

Carlton, R. T., Plymouth 

Carlton, R. A., Box 1986, West 
Palm Beach 

CARNEGIE, MRS. T. M., Fernandina 

Carpenter, Dr. T. L., Pompano 

Case, A. H., U. S. Phosphoric Products, 
61 Broadway, New York 

Cassens, R. F., Box 613, Ft. Pierce 

CHAMPLAIN, A, E., R.F.D. No. 1, 
Palmetto 

Chapell, F. P., Rt. 1, Box 254, 
Tarpon Springs 

Charles, Wilbur G., Box 323, Winter 
Haven 

Chase, F. K., Lakeland 

CHASE, JOSHUA C., Winter Park 

Chase, Randall (2) Sanford 

Chase, S. O. Jr., Box 599, Sanford 

Chicone, Jerry, Jr., Box 9, Winter Haven 

CHIDESTER, D. D., 446 Painter Ave., 
Whittier, Calif. 

China Tung Oil, Inc., Gainesville 

Choate, S. E., Eustis 

Citrus Concentrates, Inc., Dunedin 


XI 
Citrus Grove Development Co., 
Babson Park 
Clark, John D., Waverly Growers Coop., 


Waverly 

Clayton, H. G., Gainesville 

CLEMENT, WALDO P., Georgiana 

Cline, A. E., Altamonte Springs 

Cline, J. T., 409 Morringside Dr., 
Lakeland 

Cloud, H. R., Florida Foods, Orlando 

Clutz, C. A., Ft. Myers 

Coe, Dana G., 1425 Providence Road, 
Lakeland 

Coe, Roy, Star Route, Bunell 

Coffee, Fred F., Armour Fert. Works, 
Jacksonville 

Coit, Dr. J. Elliot, P. O. Box 689, 
Fall Brook, Calif. 

Coleman, J. D., Bushnell 

Colter, R. L., Box 830, Lakeland 

Commander, C. C., Fla. Citrus Exchange, 
Tampa 

Conner, F. M., Palmetto 

CONNER, WAYNE E., New Smyrna 

Constantine, Harry H., Clearwater 

COOK, R. F., Leesburg 

Coolidge, J. W., Rt. 1, Ft. Pierce 

Cooper, George, Princeton 

Cooper, Dr. W. C., 415 N. Parramore St., 
Orlando 

Copeland, G. E., Box 1072. Winter Haven 

Coral Reef Nurseries Co., Box 596, 
Homestead 

Cornell Cooperative Society, Ithaca, 
New York 

Cox, George O., Box 11, Vero Beach 

Cox, J. C., Wheeler Fert. Co., Oviedo 

Cox, Norman H., City of Miami, Miami 

Creighton, Dr. John T., U. of F., 


Gainesville 

Crenshaw-McMichael Seed Co., Box 13814, 
Tampa 

Crevasse, J. M., Cicen’s Flower Gardens, 
Gainesville 


Crumb, Frank K., Box 3807, Lakeland 
CRUTCHFIELD AND WOOLFOLK, 
Pa. Produce Building, Pittsburg, Pa. 
Curl, Laurence A., Box 288, Winter 
Haven 
Curry, Kenneth, 1600 Melrose Place, 
Knoxville, Tenn. 
Dade, R. H, F., Box 1709, Jacksonville 
Dale, N. E., Box 15, Winter Garden 
Dancey, R. C., 3216 Emporado, Tampa 
Davidson, W. M., 2438 Maple Ave., 
Takoma Park, Md. 
Davie Nursery, Ft. Lauderdale 
Davis, Charles P., Box 947, Winter Haven 
Davis, C. Kay, Ft. Lauderdale 
DeBusk, E. F., Hibscus Park, Gainesville 
Deerfield Groves Co., Wabasso 
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Delacey, Clyde, 10 Second St., Ft. Myers 

Delamater, Paul A., Winter Haven 

Dewey, L. M., Merritt Island 

Denmark, S, A., Island Grove 

Dickman, Paul B., Ruskin 

Di Giorgio Fruit Corp., Box 780, 
Winter Haven 

Di Giorgio, J. S., Winter Haven 

Dixie Lime Products Co., (2) Ocala 

Dolomite Products, Inc., (2) Ocala 

Donaldson, C. S., Avon Park 

Dorn, H. W., South Miami 

Dowdell, R. S., 61 W. Central, Orlando 

Dowling, Paul M., 1554 Cavendish Road, 
Orlando 

Doyle, Capt. Walter S., Base Ord., 
APO 862, New York 

Driskell, J. C., American Cyanamid Co., 
Brewster 

DUNEDIN PUBLIC LIBRARY, Dunedin 

Dunne, Jesse H., San Antonio 

Dierberger, Joao, Box 458, 
Sao Paulo, Brazil | 

Eddins, Dr. A. H,, Hastings 

Edsall, Henry J., Bradenton 

Edsall, R. S., Wabasso 

Eggleston, Harold J., 433 E. Gore Ave., 
Orlando 

Ellis, R. H., Box 5138, Orlando 

Ellsworth, Miss Wilma J., Rt. 1, Dade City 

Elsasser, Lt. David, Box 87, Hollywood 

Engelman Products Co., Elsa, Texas, 

Engle, Robt. H., 616 Investment Bldg., 
Washington, D. C. 

Eruch, C, E., Interlachen 

Estes, H. O., Haines City 

Estes, Lawrence W., Alturas 

Eubanks, Floyd L., Wilson & Toomer 
Fert. Co., Ocala 

Evans, John H., Lake Alfred 

Evans, R. C., Fla. Citrus Comm., 
Lakeland 

FAIRCHILD, DR DAVID, The Kampong, 
Coconut Grove 

Fairchild, Mrs. David, Coconut Grove 

Faircloth, E. V., (Jack) S. Dixie, 
West Palm Beach 

Farm & Home Machinery, Inc., Orlando 

Fascell, Michael, 1661 Coral Way. Miami 

Faugeras, J. R., Institute des Fruits, 
7 Rue St. Dominique, 
Paris 7, France 

Faweett, Chas. F., Box 186, Orlando 

Fender, R, A., Maitland 

FENTON, ALFRED, 1002 Second Nat. 
Bank Bldg., Houston, Texas 

Field, Staton, Box 948, Winter Haven 

Flamingo Groves, Inc., Hollywood 

Fletcher, William, Leesburg 

Florence Citrus Growers Assn., 
Florence Villa 


Florida Agricultural Research Institute, 
Winter Haven 

Florida Agricultural Supply Co., Orlando 

Florida Dolomite Co., Pembroke 

Florida Fruit Co., Ft. Meade 

Floridagold Citrus Corp., Lake Alfred 

FloridaGrower Press, Inc., Tampa 

Florida Vegetable Committee, Orlando 

Floyd, W. L, (1941-45), Gainesville 

Fogg, Harry W., Box 774, Eustis 

Food Machinery Corp., Dunedin 

Ford, John, 208 Washington Arcade, 
Orlando 

Forsee, W. T., Everglades Exp. Sta., 
Belle Glade 

Fosgate Co., Chester C., Box 2673, 
Orlando 

Foster, L, G., Box 428, Lake Wales 

Freer, Laurence H., Box 1212, Haines City 

Freeze, Walter, Box 1044, Clearwater 

French, Ida Carson, Highland Park, 
Lake Wales 

Friend, W. H., Valley Exp. Sta., 
Weslaco, Texas 

Friend Sprayer Service Corp., Frostproof 

Fruitlands Company, The Lake Alfred 

Fudge, Dr. B. R., Lake Alfred 

Fugazzi Pinellas Groves Co., Clearwater 

Fuller, Wm. Allison, 6 Sunrise St., Cocoa 

Furr, Dr. J. R., 415 N. Parramore St., 
Orlando 

Futch, Ivey E., Lake Placid 

Galban, Miss Elise S., Box 518, 
Ft. Lauderdale 

Galloway, B. Allison, Box 156, Winter Park 

Galloway, Carl, Winter Park 

Gardner, Mrs. F. C., Lake Alfred 

Gardner, F, C., Lake Alfred 

Gardner, Dr. I’, E., 415 N. Parramore St., 
Orlando 

Garnett, Irl B., Hypoluxo 

Garrett, Chas. A., Rt. 1, Kissimmee 

Gay, Clarence M., Clerk of Court, Orlando 

Gerwe, Ray, Food Machinery Corp., 
Dunedin 

Gibson, W. B., 101 Marietta St., Bldg., 
Atlanta 1, Ga. 

Giddings, W. W. Winter Haven 

GIFFORD, DR. JOHN, Coconut Grove 

Gocio, H. G., Rt. 1, Sarasota 

Gocio, H. G., Jr., Gen. Del., Orlando 

Goldberg, Chas. E., R.F.D, 5, 712, Orlando 

Goldberg, Roy, Box 1803, Ocoee 

Golden Dolomite Co., The Box 1170, 
Orlando 

Goodwin, J. C., 504 Seagle Bldg., 
Gainesville 

Goollnick, E. D., Vero Beach 

Gould, Chester N., Star Route, Box 23, 
West Palm Beach 
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Grant, A. J., 259 Scotland St., Dunedin 

Grant, R. S., Food Machinery Corp., 
Dunedin 

Gratz, Dr. L. O., Agr. Exp, Sta., 
Gainesville 

Graves, Forrest C., Vero Beach 

Graves, Hubert, Wabasso 

Graves, J. R., Box 922, Vero Beach 

Green, L. C., Highlands Fert. Co., Sebring 

Greene Lewis C., 125 Rose Ave., Sebring 

Grienisen, L. Jr., Box 155, Frostproof 

Griffin, Ben Hill, Jr., Box 155, Frostproof 

Griffin, J. A., c/o Exchange National Br., 
Tampa 

Groff, Dr. G. W., Laurel 

Grossenbacker, J, G., Plymouth 

Grove, W. R., Laurel 

Growers Fertilizer Cooperative, Lake Alfred 

GUEST, MRS. AMY, 465 East 57th St., 
New York 

Gulf Fertilizer Co., Box 2721, Tampa 

Gunn, C. D., Rt. 3, Box 40A, Gainesville 

Gurney, J. Thomas, Box 312, Orlando 

Guynn, P. I., Island Grove 

HADEN, MRS. FLORENCE P., 
Coconut Grove 

Hadsell, D. W., R.F.D. Lamont 

Hagadorn, D. L., Box 1290, Tampa 

Haines City Citrus Growers Assn., 
Haines City 

Haines City Heights, Inc,, Haines City 

HAKES, L. A., P. O. Box 771, Orlando 

Haley, E. A., Sr., Box 1955, Orlando 

Haley, E. A., Jr., Box 1965, Orlando 

Haley, J. C., Box 1955, Orlando 

Haley, Paul C., Box 191, Pinecastle 

Haley & Rex, Box 1955, Orlando 

Hall, O. L., Box 1768, Orlando 

Hamilton, Mrs. H. R., Box 581, Haines City 

Hamilton, Joseph, Route 1, Box 499, 
Yuma, Ariz. 

Hamilton, W. H., Winter Haven 

Hammerstein, C. P,, Flamingo Groves, Inc., 
Hollywood 

Hanna, L. C., Hanna Road, Lutz 

Harding, Dr. Paul I., 415 N. Parramore St., 
Orlando 

Hardwick, J. D., Box 69, West Palm Beach 

Harris, C. S., c/a Shell Oil Co., 50 W. 
Church St., New York 

Harrison, A. L., Box 510, Bradenton 

Harz, A. W., 3405 Granada St., Tampa 6 

HASTINGS, H. G., 16 West Mitchell St., 
Atlanta, Ga. 

Hatcher, R. F., Tobacco By-Products & 
Chem. Corp., Winchester, Va. 

Hawkins, H. E. C., (2) St. Augustine 

Hawkins, Roy H., 1317 Biscayne Blvd., 
Miami 

Hawthorne, T. C., Ocoee 

Hayman, W. Paul, Box 711, Bartow 

Hazen, H. D., Box 380, Orlando 


XIII 


Hazen, Myron §S., c/o Agrico, 50 Church St., 
New York 
Hector Supply Co,, (3), Box 1311, Miami 
Heid, Dr. J. L., Box 112, Lake Wales 
Helms, H. B., Box 162, Gainesville 
Henderson, Carl E., Box 29, Zellwood 
Henderson, H. C., Winter Haven 
Hendricks, Ray, Dept. of Agri., Jacksonville 
HENRICKSON, H. C., Box 1045, Eustis 
Henry, Arthur M., 1177 Zimmer Dr., N. E., 
Atlanta, Ga. 


Henry, W. M., SAL Ry., Plant City 

HERNANDEZ, PEDRO, 108 Cienfuegos, 
San Fernando, Cuba 

Highland Fertilizer Co., Sebring 

Hildebrand, E, M., Food Machinery Corp., 
Dunedin 

Hill, W. R., Box 785, Winter Haven 

Hines, R. T., Box 2721, Tampa 

Hodnett, A. P., Winter Haven 

Hodnett Groves, Box 958, Winter Haven 

Hodnett, J. Victor, Winter Haven 

Hoenshel, Paul M., Box 331, Stuart 

Holland, Frank L., Box 392, Winter Haven 

Holly Hill Coop. Citrus Assn., Davenport 

Holly Hill Fruit Products, Inc., Davenport 

Holtsberg, Bertha, 99 Courtland Ave., 
New Rochelle, N. Y. 

Holtsberg, Fred (1941-45) Ft. 

Holzker, Richard, Lake Wales 

Hookom, D. W., Box 1077, Pinecastle 

Hooks, J. C., Box 1955, Orlando 

Hopkins, Dr. E, F., Lake Alfred 

Horton, Elsie Connell, Haines City 

Howard, Julian, Howard Fert. Co., Orlando 

Hufty Farms, Beile Glade 

Hughes, David, 116 S. Miami Ave., Miami 38 

Hughes, Thomas, Rt. 2, Ft. Pierce 

Huie, W. R., Box 785, Winter Haven 

HUME, H. HAROLD, Gainesville 

Hunt, D. A., Hunt Bros., Lake Wales 

Hunter, H. H., 304 E. Central Ave., Orlando 

Huppel, J. B., 2010 Delaney St., Orlando 

Hurlbrous, Lyons (Woodruff & Son, Inc.) 
Coral Gables 

Husmann, Dr, W., Virginia Polytechnic 
Inst., Blacksburg, Va. 

Igou, D. R., Eustis 

IOWA STATE COLLEGE LIBRARY, 
Ames, Iowa 

Jackson Grain Co., Tampa 

Jackson, R. D., Box 1229, Tampa 

Jacobs, W. A., Box 416, Delray Beach 

JACOCKS, A. J., Winter Haven 

Jamison, Dr. F. S., Agr. Exp. Sta., 

Jamison, Dr. V. C., Lake Alfred 

Janes, Dr. Byron E, Agr. Exp. Sta., 
Gainesville 

Jefferies, Leland, Bradenton 


Pierce 
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Johnson, E. R., Maxcy Fertilizer, Inc., 
Frostproof 

Johnson, L. M., Stuart 

Johnson, Warren O., Box 1058, Lakeland 

Jones, H. S., Vero Beach 

Jones, W. J., Di Giorgio Fruit Corp., 
Winter Haven 

Jordahn, A. C., Box 292, Miami 33 

Kanawha Groves Co., Ft. Pierce 

Karst, Art. Box 1110, Orlando 

Keen, N. E., Rt. 2, Ft. Myers 

Keenan Soils Laboratory (1942-46) 
Frostproof 

Kelley, Col, R. H., Melrose 

Kelsheimer, E. G., Veg. Crops Lab., 


Bradenton 
Kempf, Mrs. E, J., Eustis 
Kendall, Harold E., Goulds 


Kensett, J. G., 2615 Jetton Ave., Tampa 

Kent, Miss Olga, 3850 Poinciana Ave., 
Coconut Grove 

Keown, Miss Mary E., Home Demonstra- 
tion Office, Tallahassee 


Kew, Theodore J., 1721 Westchester Ave. 
Winter Park 

Kew, Mrs. Theodcre J., 1721 Westchester, 
Ave., Winter Park 


Kilgore Seed Co., The Plant City 

Kime, Chas. D., Jr,, Box 102, Florence Villa 
Kime, Chas. D., Box 232, Ft. Pierce 
Kimmel, J. G., Box 1445, Sarasota 

King, Batty, Bonita Springs 

Kingston, George, Box 510, Ft. Myers 
Klee, W. H., Naco Fert. Co., Jacksonville 
Klemm, A. M. & Son, Winter Haven 
Knight, J. W., Vero Beach 
Knight, Peter O., Box 1288, 
Kramer, L. H., Lake Wales 
Krome, William H., Box 596, Homestead 
Krome, Mrs. W. J., Box 596, Homestead 
Kunny, C. S., 5522 NW 12th St., Miami 
Lake Garfield Nurseries, Bartow 

Lamont, Henry, Rt. 2, Ft. Pierce 
Landers, Mrs. C. K., 1125 Belleaire Circle, 


Tampa 


Orlando 
LASSEN, H. C., Garden Springs Terrace, 
Saratoga, Calif. 


Lassiter, Hugh, Winter Garden 

Laughlin, Victor H., 645 W. Central Ave., 
Winter Haven 

LAUMAN, G. N., Ithaca, New York 

Lauramore, H. H., 202 Peninsular Life Bldg. 
Jacksonville 

Lawless, Wm. W., Lake Alfred 

Lee, C. S., Oviedo 

LEONARD, GEORGE, Hastings 

Lesley John T., Haines City 

Lewis, H. F., Terra Ceia 

Library, Citrus Exp. Sta., Riverside, 
Calif. 
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Library, Cleveland Public, 325 
Superior Ave., N. E. 
Cleveland, Ohio. : 

Library, Univ. of California 504 Hilgard 
Ave. Los Angles 24, Calif. 

Library, College of Agri., Univ. of Calif., 
Davis, Calif. 

Library, Univ. of Arizona, Tuscon, Ariz, 
Library, Fla. Agri. Exp. Sta., Gainesville 
Library, City of Lakeland, Lakeland 
Library, U.S.D.A., Washington, D. C. 
Library, Col. of Agri., Mayaguez, 

Puerto Rico 
Liberty, Univ. of California, Berkeley, Calif. 
Library, Duke Univ., Durham, N 
Library, State Board of Education, 
Corvallis, Oregon 
Library, Univ. of Ill, Urbana, Il, 
Library Board, State, Tallahassee 
Lingle, H. G., Box 22, Sanford 
Lipscomb, S. F., Bartow 
Lipsey, L. W., Blanton 
Little, C. S., Odessa 
Lockett, N. A., Box 158, Oakland 
Lockwood, Miss Charlotte, Jackson, Mich. 
Logan, John Henry, Box 540, Clearwater 
Long, J. S., City Hall, Tampa 
Loucks, K. W., Lake Alfred 
Loudon, Hugh R., Box 75, Babson Park 
Lowles, Amos W., Box 246, Port Orange 
Lowry, L. L., Winter Haven 
Lucas, Glenn, Box 564, Leesburg 
Lucas, Dwight, Box 2669, Orlando 
Lynch, S, J., Princeton 
Lyons Fertilizer Co., Box 310, Tampa 


MacCarthy, H. P., 5911 Cherokee Ave., 
Tampa 

MacDowell, Dr. L. G., Florida Citrus Com- 
mission, Lakeland 


McBride, J. N., SAL Rwy, Savannah, Ga. 

McCartney, E. A., Box 310, Tampa 

McCARTY, B. K., Eldred 

McCARTY, MRS. C. T., Eldred 

McClanahan, H. S., State Plant Board, 
Gainesville 

McClung, Lester, 1271 Woodlawn Terrace, 
Clearwater 

McCord, M. E., Winter Haven 

McCubbin, Dr. E. N., Hastings 

McDaniel, J, C., 403 State Office Bldg., 
Nashville, Tenn. 

McKinnon, W. M., 901 Magnolia Ave., 
Sanford 

MeMichael, H. D., Box 1314, Tanipa 

McNutt, M. H., Orlando 

McPeck, John K., 328 S. Lakeview Dr., 
Sebring 

Manatee Fruit Company, 1st National 
Bank Bldg., Tampa 

Marsell, E. S., Zellwood 

Martens, R. H., Box 1174, Vero Beach 

MARTIN, A. WM., Box 386, Sebastian 
Tampa 
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Martin, Edgar A., 
Jacksonville 4 

Martin Seed Company, 202 E, Bay Et., 
Jacksonville 40 

Masek, John, Apopka 

Matheson, Hugh M., 418 SW 2nd Ave., 
Miami 36 

Mathews, E. L., Plymouth 

Mattingley, B. W., Crown Can Company, 
Orlando 

Maughn, Douglas, Box 1231, Orlando 

Maxwell & Anderson, San Mateo 

May, Louis H., Box 311, Winter Haven 

Mayo, Nat, 719 East 8th St., Ocala 

Mayo, Hon. Nathan, Tallahassee 

Mead Botanical Garden, Winter Park 

Meckstroth, G. A., 415 N. Parramore St., 
Orlando 

Mercer, Miller T., Box 181, Coral Gables 

Merrin, George, Plant City 

MERRITT, DR. J. C., 297 Sherman St., 
St. Paul, Minn, 

Meserole, Mrs. G. H., San Mateo 

MICHAEL, A. B., Wabasso 

Miller, Dr. E. V., 415 N. Parramore St., 
Orlando 

Miller, Dr. Ralph, Plymouth 

Miller Gardens, Orlando 

Miner, James T., Boynton Beach 

Mispley, R. G., Crown Zellerback Corp., 
Camas, Wash. 

MONTGOMERY, COL. ROBT. H., 
Coconut Grove 

MORTGOMERY, MRS. ROBT. H,. 
Coconut Grove 

Moore, Clarence H. & Eva M., Box 31, 
Winter Haven 

Moore, Edwin L,, U.S.D.A. Citrus Lab., 
Winter Haven 

Moore, H. T., Box 3429, Orlando 

Moore, W. D., 501 S. Andrews Ave., 
Ft. Lauderdale 

Morgan, Frank E., State Inspection Bureau, 
Wiater Haven 

Morley, Jack N., Lake Alfred 

Morrell, Albert (1943-47) 613 Highlands St. 
Orlando 

Morrell, P. C. & xegina Z., Box 541, 
Avon Park 

Morris, David, Box 1688, Orlando 

Morton, James C., Auburndale 

MOUNTAIN LAKE CORPORATION, 
Lake Wales 

Mounts, M. U., West Palm Beach 

Mowry, Harold, Agr. Exp. Sta., Gainesville 

Munroe, George W., Quincy 

Mustard, Margaret, J., Univ. of Miami, 
Coral Gables 

Naco Fertilizer Co., Box 114 Jacksonville 

Nash, Mr. & Mrs. Leo, Box 987, 

Winter Haven 


202 E. Bay St., 


National Fert. Assn., 616 Investment Bldg. 
Washington, D. C. 

Nehrling, W. F., 223 SW 20th Ave., Miami 

Nettles, W. T., Agr. Ext. Serv., Gainesville 

Newins, Harold S., Univ. of Fla., Gainesville 

Nicholson, Donald J., 1224 Palmer St., 
Orlando 

Nikitin, Dr, A. A., Tennessee Copper Co., 
Copperhill, Tenn. 

Nix, E. M., SAL Ry., Jacksonville 5 

Noble, Dr. C. V., Agr. Exp. Sta., Gainesville 

Norris, R. E., Tavares 

O’BYRNE, F. M., Lake Wales 

Oglesby, Ben, Box 180, Bartow 

OHMER, C. J., West Palm Beach 

O’Kelley, E. B., — Ry. Col., Jacksonville 

Olsen, H., Davenp or 

ORANGE COUNTY ‘AGRICULTURAL 
AGENT, Orlando 

Oxer, V, T., Sebring 

Pace, Murl E., Box 1086, Orlando 

Pacific Coast Borax Co., 51 Madison Ave., 
New York 

Page, Roy, Rt. 2, Box 103, Miami 

Palm Harbor Citrus Growers Assn., 
Palm Harbor 

Palmer, J. C., Windemere 

Palmer, J. M., Lutz 

Paimore, C. W., Box 1658, Lakeland 

Parker, Coleman H., Winter Haven 

Parris, G. K., Box 321, Leesburg 

Patrick, Roger, Box 403, Winter Haven 

Pedersen, W. C., Lake Wales 

PEDERSEN, W. L., Winter Haven 

Peninsular Fert. Works (2), Tampa 

PENNOCK, HENRY, SR., Jupiter 

Pepper Printing Co., Gainesville 

Perrin & Thompson (2) Winter Haven 

Philadelphia Terminals Auction Co,, 
Del. & Wolf St., Philadelphia, Pa. 

Phillips, Howard, 135 Lucerne Circle, 
Orlando 

PHILLIPS, DR. P. & SON, Box 3753, 
Orlando 

PHIPPS, H. C., N. Ocean Blvd. Palm Beach 

PHIPPS, HOWARD, Delray Beach 

PHIPPS, JOHN S., N. Ocean Blvd. 
Palm Beach 

Pickard, A. E. 1483 Baltimore St., 
Orlando 

Pickard, Mrs. A, E., 
Orlando 

Pepenburg, A. L., Rt. Box 722, Orlando 

PIKE, W. N., ad 

Pines, R. C., Box ae Tampa 

Pinkerton, D. C., Cocoa 

Pinkerton, J. B., 4 Point 

Platts, Norman G., Pierce 

PLYMOUTH CITRUS GROWS ASSN., 
Plymouth 


1433 Baltimore St., 
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Polk County Democrat, The Bartow 

Polk Floral Company, Auburndale 

Pollard, Rex, Box 627, Lakeland 

Poole, Mrs. S. F., Winter Haven 

Power, J. W., City of Miami, Miami 

PRANGE, MRS. NETTIE M. G., Orlando 

Princess Groves, Lake Wales 

Prine, H. A., Box 179, Bradenton 

Pringle, H. L., Leesburg 

Property Clerk, H-3445 DM 772, Col. of 
Agri. & Mechanical Arts, Mayaguez 
Puerto Rico 

PROSSER, LEW, Plant City 

Puckett, T. R., 525 Iris St., West Palm Beach 

Pulley Geo. M., Box 13, Winter Haven 

Radebaugh, D. S., Sebring _ 

Raden, C. T., Box 205, Winter Garden 

Randall, F. A., Haines City 

Rankin, Fred H., Poinsettia Park, RR No. 1, 
Winter Haven 

Raoul Company, The Sarasota 

Raoul, Loring, Sarasota 

Ratliff, i A. 619 E, Orange St., Lakeland 

RAULERSON, J. ED., Arcadia 

Rawls, J. Glenn., Plymouth 

REASONER, N. A., Bradenton 

Redd, Dr. J. B., Citrus Exp. Sta., 
Lake Alfred 

Reece, Dr. Philip C., 415 N. Parramore St., 
Orlando 


Reely, Harry C., Box 489, N. Redland Rd., 
Homestead 

Reid, M. L., Reid’s Rancho Palo Verde, 
Tuseon, Ariz. 

REID, W. C., Iargo 


Reitz, Dr. J. Wayne, United Growers & 
Shippers, Orlando 

Reppard, A. H. Jr., Pasco Packing Co., 
Dade City 

Reuther, Dr. Walter, U. S. Date Garden, 
Indio, Calif 

Rex, C. W., 128 N. Orange Ave., Orlando 

Reynolds, B. T., Auburndale 

RHODE, H., Sebring 

Rich, Frank H,, Winter Haven 

Richardson, E. G., Fla. Agr., Supply Co., 
Orlando 

Rickborn, J. H., Box 1401, Lakeland 

RICKETSON, MRS. M. C., “Grayfield’’, 
Fernandina 

Risher, F. W., Box 779, Jacksonville 1 

Roberts, A. S., Wilson & Toomer Fert. Co., 


Bradenton 
Roberts, Chas. Victor, Gotha 
Roberts, David A., Jr., RFD1, Ft. Lauderdale 


Robertson, Paul F., 1121 Alberca St., 
Coral Gables 

Robins, Raymond, Chinsegut Hill, 
Brooksville 
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Robinson, R. D., Box 984, Orlando 

Robinson, T. Ralph, Terra Ceia 

Roess, M. J., Box 388, Jacksonville 

Rogers, H. S., Winter Haven 

Rogers, John T., Box 448, Plant City 

Rogers, Walter M., Ft. Pierce 

Rolfs, Miss Clarissa, 1817 NE 2nd Ave., 
Miami 

Rollin, C. F., Box 981, Clearwater 

Ronald, William F., Box 6264, 
Daytona Beach 

Roper, Roy R., Box 148, Winter Garden 

Rose, Walter W., Orlando 

Ross, Edward, 2700 Cornell Ave., 
Winter Park 

Ross, F, W., Oakland 

Ross, S. W., Lake Wales 

Rounds, M. B., Citrus Exp. Sta., 
Riverside, Calif. 

Roy, W. R., 415 N. Parramore St., 
Orlando 

Royal Palm Nurseries, Oneco 

Ruehle, Dr. George D., Homestead 

Rumpsa, Paul L., Dr. 608, Avon Park 

Ruprecht, Dr. R. W., Box 327, Sanford 

Russell, Ford, Box 65, Sanford 

Rutland, J. W., Volunteer Bldg., 
Atlanta 3 

Ryburn, Alexander, Box 977, Vero Beach 

Sachs, Ward H,, Box 3588, Orlando 

Sahlberg, Niles, Box 3462, Orlando 

Sample, J. M., Box 113, Lake Hamilton 

SAMPLE, J. W., Haines City 

Saunders, H. M., Indiantown 

Savage, E. M., Eustis 

Schock, W. V., Box 462, Winter Haven 

Schultz, W. H., Jr., Box 313, Auburndale 

SCHUMAN, ALBERT, Sebastian 

Scott, Eleanor W., Box 846, Winter Haven 

Scott, Felton W., Box 378, Bradenton 

Scott, J. Bernard, Winter Haven 

Seidel, G. A., Box 7, Gotha 

Seiler, Paul R., Box 683, Bartow 

Selem, Rodolfo R., Fanning 530, Miraflores, 
Lima, Peru 

SELLARDS, DR. E, H., State Geologist, 
Austin, Texas 

Senior Research Officer, Dept. of Agr. & 
Stock, Nambour, Queensland, Australia 

Serdjenian, A. K., Orlando 

Sevil, Mrs. R. Lee, 2755 Herschel St. 
Jacksonville 

Sewell, A. J., Stauffer Chem. of Fla. 
Orlando 

Sexton Groves (Mrs. Eva Sexton), 
Winter Haven 

Sexton, W. B, Vero Beach 

Shields, Clyde, RFD, Lake Wales 

Shinn, Chas. M., Lake Alfred 

Showers, Byron, Jr., 502 Security Bldg., 

Phoenix, Arizona 


' 
' 
' 
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Simpson, Stuart C., Simpson Nursery, 
Box 178, Monticello 

Singleton, Grey, 125 E. Palm Dr., 
Lakeland 

Skinner, B, C., Box 157, Duendin 

Skinner, Francis L., 379 Monroe St., Dunedin 

Skinner, Wallis L., Dunedin 

Sley, V. H., 1305 E. Robinson, Orlando 

SLOAN, G. D., Box 1021, Tampa 

Slough Grove Co., Inc., Dade City 

Smith. Dr. F. B., Agr. Exp. Sta. 
Gainesville. 

Smith, Francis Prescott, Box 442, 
Winter Haven 

Smith, Harry W., Winter Garden 

Smith, Herbert A., 1019 Lancaster Dr., 
Orlando 

Smith J. Lee, Agr. Ext. Serv,, Gainesville 

Smith, L. G., Box 3429, Orlando 

Smith, L. Longfield, Babson Park 

Smith, L. G., Wauchula 

Snively, John A. (2) Winter Park 

Snively, John A. Jr., Winter Haven 

Snively, T. V., Winter Haven 

Snodgrass, William, Box 476, Clermont 

South Florida Motor Co., Lake Wales 

S. Lake Apopka Citrus Growers Assn. 
poka 

Southern Agri. Chem. Corp., East Point, Ga. 

Speer, H. L,, Pahokee 

Spencer, A. P., Agr. Ext. Serv., Gainesville 

Spencer, Ernest L., Box 510, Bradenton 

Spivey, W. L., Floral City 

Springer, John R., Box 3030, Orlando 

Stabler, David K., Rt. 2, Box 418, 
Winter Haven 

Stahl, Dr. A. L., Agr. Exp. Sta., Gainesville 

Stahl, William, Rt. No. 2, Vero Beach 

Stambaugh, Scott U., Nassau, Bahamas 

Stansfield, Charles, Box 65, Wauchula 

STEAD, LINDSEY, P, O. Box 809, 
Ft. Pierce 

Stenholm, Frank A., Brooksville 

Sterling, H. O., Box 178, Bartow 

Stern, C. R., Citrus Exp. Sta., Lake Alfred 

Stevens, H. E., 224 Annie St., Orlando 

Stevenson, E. M., 310 Rhodes St. 
Mt. Dora 

Stewart Packing Co., Auburndale 

Stewart, Tom B., Box 6, DeLand 

Stinson, J. L., Wabasso 

Stirling, Frank, RFD No. 1, Ft. Lauderdale 

Stirling, Walter, RFD No, 1, Ft. Lauderdale 

Stone Farm Assn. (1941145) 90 Broad St., 
New York 

Stover, L. H., Fruitland Park 

Strohm, H. E., Davenport 

STUART, L. E., Montemorelos, Mexico 

Sturrock, David, Box 6022, West Palm 
Beach 

Sturrock, Thos. T., 1021 Camellia St., 
West Palm Beach 
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Suddath, T., Box 3547, Orlando 

Suggs, George W., 133 Carnegie Way, N.W., 
Atlanta, Ga. 

Suit, Dr. R. F., Citrus Exp. Sta., 
Lake Alfred 

Svilokas, Emil, Box 512, Stuart 

Swann, Thomas B., (2) Box 232, 
Winter Haven 

Swingle, Dr. Walter T., 4753 Reservoir 
Road, N.W., Washington, D. C 

Taber, Geo. L., Jr., Glen St. Mary 

TABER, MRS. GEO. L., Glen St. Mary 

Tait, W. L., Box 695, Winter Haven 

Talbert, Dale, Vero Beach 

Taylor, J. J., Tallahassee 

TAYLOR, J. S., Largo 

Taylor, Phil S., Tallahassee 

Teeter, C. E., Winter Haven 

THOMAS, JEFFERSON, Gainesville 

Thomas, Wayne, Plant City 

Thompson, C. G., 180 E. Lake Elbert, 
Winter Haven 

Thompson, Clifford, Davenport 

Thompson, W. L., Lake Alfred 

Thornton, R. P. Thornton & Co. Tampa 

Thullbery, C. C., Tavares 

Thullbery, H. A, Haines City 

Thursby, Miss Isabelle S., Extension Office, 
F.S.C.W., Tallahassee 

Tiedtke, John, Clewiston Inn, Clewiston 

Tilden, A. M., (2) Winter Haven 

Tilden, C. G., Winter Garden 

Tilden, Mrs. Elmina A., Winter Haven 

Timmons, Doyle E., 4125 Federal Offiice 
Bldg., Washington D. C. 

Tisdale, Dr. L. E., Box 323, Winter Haven 

Tisdale, Dr. W. B., Agr. Exp. Sta., 
Gainesville 

TODD, E. G., Avon Park 

TOWNS, THOMAS, R,, Holguin, Cuba 

Townsend, Dr. G. R., Belle Glade 

Toy, L. R., 1245 Chichester Ave., Orlando 

Trueman Fert. Co., 1015 Lynch Bldg., 
Jacksonville 

TRUEMAN, ROY B., Trueman Fert. Co., 
Jacksonville 

Tripp, George Jr., Lake Wales 

Tyre, Robert R., 138 W. Washington St., 
Orlando 

Underwood, Herbert, Alturas 

U. S. Phosphoric Products, Box 3269, 
Tampa 

U. S. Phosphoric Products, 61 Broadway, 
New York 

Updike, D. F,, Ft. Myers Beach 

Valentine, G. C., Palmetto 

Van Clief, W. C., Winter Haven 

Van Horn, M. C., Box 1231, Orlando 

Van Kirk, John C., Rt. 1, Ft. Lauderdale 

Veldhuis, Dr. M. K., U. S. Citrus Products 
Sta., Winter Haven 
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Virginia-Carolina Chem. Corp., Box 2311, 
Orlando 

Volk, G. M., Agr. Exp, Sta., Gainesville 

Von Borowsky, Miss Lisa, Brooksville 

Voorhees, R. K., Box 436, Lakeland 

Wagner, F. J., Gen. Del., Ft. Pierce 

Wakelin, G. N., Tavares 

Waldron, Max, Babson Park 

Walker, C. H., Avon Park 

Walker, Marvin H., 731, Jefferson Ave., 
Lakeland 

Walker, Ralph N., Auburndale 

Walker, Seth S., 1145 S. Cass St., Tampa 

Wallace, J. H,, Melrose 

Ward’s Nursery, Avon Park 

Ware, C. E., Clearwater 

Waring, W. L., Jr., Box 310, Tampa 

Warren, Alfred, Route 1, Box 212, 
Vero Beach 

Warren, L. S., Box 1697, Pompano 

Watson, J. R., Agr. Exp. Sta., Gainesville 

Webb, Fred, Box 152, City Point 

Webber, Dr. H. J., Citrus Exp. Sta., 
Riverside, Calif. 

Weetman, Dr. L. M,, U. S. Sugar Corp., 
Clewiston 

Weiderhold, Eunice, U. S. Citrus Products 
Sta., Winter Haven 

Wells, W. G., Tavares 

Wendel, Joseph E., RFD 4, Box 863, 
Lakeland 

Wendel, Joseph, E., 
Lakeland 

Westgate, Dr. Philip J., Sub-Tropical Exp. 
Sta., Homestead 

Westlake, E. H., 61 Broadway, New York 

Westman, Dr. L. M., U. S. Sugar Corp,, 
Clewiston 


RFD 4, Box 863, 
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White, Arnold, Box 727, Carpenteria, Calif 

White, Dr. Roland T., 211 S. Rosalind, 
Orlando 

Whitehurst, Perry N., Sanford 

Whitfield, C. S., 1110 Chichester Road, 
Orlando 

Whitemore, Al, Box 2111, Orlando 

Whitner, B. F. Jr., Box 1018, Sanford 

Whitson, Edmund S., Clearwater 

Wilder, C. D., Jr., Box 2013, Orlando 

Williams, L. H., Box 815, Coral Gables 

Williams, Miss Myra G,, Rockledge 

Willson, H. F., Box 191, Lakeland 

Wilson, Gaines R., 3853 Little Ave., 
Coconut Grove 

Wilson, H. L., Bartow 

Wilson, John R., Box 6044, West Palm Beach 

Wilson, Leo H., Bradenton 

Wilsop & Toomer Fert. Co., (2) Box 4459 
Jacksonville 

Winchell, Frank, Jacksonville 

Winchester, O. R., Box 124, Boynton 

Winston, J. R., U.S.D.A., Orlando 

Winter Park Land Co., Winter Park 

WIRT, E. L., Box 144, Babson Park 

Witherell, R, E., Box 3149, Orlando 

Woodall, Luke, Box 988, Miami 6 

Wolf, Dr. Frederick A., Durham, N. C. 

Wolfe, Dr. H. S., Gainesville 

Wolfe, J. C., Box 310, Tampa 

Wolfe, Jasper, Howey-in-the-Hills 

WOODS, L. R., Tampa 

Yandre, E. W., Box 3547, Orlanda 

Yon, George A., Zellwood 

Young, Dr. T. W., Lake Alfred 


Yothers, W. W., Orlando 
Zeigler, Louis, Davenport 
Zill, L. H., Box 133, Delray Beach 
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GDITORIALS 


The Fifty-eighth Annual Meeting of the 
State Horticultural Society was held in Or- 
lando on October 2nd, 3rd and 4th, 1945, 
Plans had been made for the usual spring 
meeting, but it was not possible to persuade 
the O.D.T. to grant permission even for so 
mmportant an agricultural gathering. (The 
reply to one request of the Society refused 
“your garden club” permission to meet!) 
After unsuccessful use of all possible ef- 
forts to obtain sanction for holding the 
meetings, which have been annual since 
1887, the Executive Committee reluctantly 
agreed to postponement, in hopes that the 
travel restrirctions might be rerleaxed by the 
end of the summer. Promptly after the 
surrender of Japan plans were laid for a 
fall meeting, with the successful results in 
evidence at Orlando. 

The Angebilt Hotel served both as head- 
quarters for the Society and as the place 
cf meeting for all sessions. General sessions 
and those of the Citrus Section were amply 
accomodated in the Sky Room, while the 
Vegetable Section was well cared for in 
the Assembly Room on the mezzanine floor, 
and the Krome Memorial Institute found 
satisfactory meeting space on the 11th floor. 
It was of great advantage to have all ses- 
sions thus under one roof. 

While the main Citrus Section program 
covered a wide range of topics, there was 
a notable emphasis on soil moisture utiliza- 
tion and _ conservation. The absence of 
communications on fertilizer problems may 
be taken to indicate that these are fairly 
well solved, whereas problems of utilization 
of the crop by processing are now to the 
fore. The program was certainly unusual in 
that every paper presented before the Citrus 


Section was by research men or dealt with 
research work rather than with grower 
practice. 

Special mention should be made of an 
innovation introduced by the Vegetable Sec- 
tion—a practice of long standing in the 
sessions of national scientific organizations. 
This was the assignment to each speaker of 
a specified time for presentation of his 
paper, so that a schedule could be followed. 
Speakers indicate in advance the time re- 
quired for their papers, and the schedule 
is made up on this basis. Speakers are not 
permitted to usurp time assigned to some- 
one else, and papers scheduled for a given 
session do not have to be read at some later 
session if too many papers were allotted for 
the time available. It has frequently been 
the case that persons desiring especially to 
hear a particular paper have been disap- 
pointed because previous papers on _ that 
session have been longer than was antici- 
pated in arranging the program. Since all 
addresses are written in advance, it is pos- 
sible to know well in advance how long a 
time will be needed for each paper. 

The attendance at this meeting was quite 
good, indicating a real interest on the part 
of the horticultural industry in the work 
of the Society. The Krome Memorial Insti- 
tute missed many familiar faces from its 
session, owing to the devastating effect of 
the September hurricane on the extreme 
southern part of the state. Many who 
usually attend from that area were too busy 
repairing storm damage to make their ap- 
pearance this year. However, about forty 
people attended this session, even so, In 
spite of heavy storm damage to his trees, 
Mr. W. F, Ward was kind enough to provide, 
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in collaboration with Mr. Ivey Futch, a fine 
display of half a dozen commercial avocado 
varieties from Highlands County. The Vege- 
table Section had about 100 in attendance, 
as indicated by its register. Total registra- 
tion for the whole Society was about 400, 
and of course there were many more who 
attended without registering. We were 
tavored by fine weather during the whole 
period of the meeting. 





Two exhibits of con- 
siderable general in- 
terest were on display 
for the meeting. One 
was an exhibit of new varieties of oranges 
developed by Mr. Donald R. Nicholson of 
Orlando. The other was a display of orchids 
and bromeliads by Mr. Mulford B. Foster, 
also of Orlando. Both of these exhibits at- 
tracted wide attention and added greatly to 
the interest of the meeting. 


Exhibits 























The opening invoca- 

Informal tion was made by Rev. 
Speakers Marshall C. Dendy, 
pastor of the First 

Presbyterian Church in Orlando, who then 


lead the audience in singing the national 
anthem. Mayor William Beardall welcomed 
the Society to Orlando and Vice-president 
Frank Stirling of Davie responded on be- 
half of the Society. It is worthy of note 
that both speakers stressed the importance 
of the problem of water control for the 
state. 

The main address of the opening session 
were made by President Frank M, O’Byrne 
of Lake Wales, and Past-President H. Harold 
Hume, Provost for Agriculture and Dean 
of the College of Agriculture at the Uni- 
versity of Florida, Gainesville. The address 
of the former is printed in full, but Dr. 
Hume’s address was made rather informally 
ard without full manuscript. He discussed 
ir his usually lucid style the important 
features of the development of the horticul- 
tural industry of Florida, from the earliest 
beginnings with citrus at St. Augustine in 


the 16th century. Vegetable and flower 
growing have each in turn been added to 
the picture which we see today of horticul- 
ture in Florida, and he traced the way in 
which these, as well as tropical fruits like 
avocado and mango, have developed here. 





The Society was hon- 
ored by having the 
Governor of the State 
of Florida, the Hon. 
Millard F. Caldwell, address a general ses- 
sion on Wednesday afternoon. While he 
spoke informally and without notes, it was 
evident that he had devoted considerable 
thought to what he should say. His theme 
was the vital importance of water control 
on a state-wide basis for the future develop- 
ment of Florida, not alone in horticulture 
but in every phase of agricultural, indus- 
trial and civic life. He spoke of his great 
disappointment that efforts to do something 
effective in the last legislative session along 
this line had been sabotaged, but he put 
the blame for this squarely upon the citi- 
zenry of Florida. Whenever the majority 
of citizens in the state feel sufficiently con- 
cerned over this water control situation, 
then the legislators will do something about 
it. Unfortunately it will never be possible 
to undo some of the serious damage which 
has already taken place, in the Everglades 
and in wells, because action has been de- 
layed. This grave problem of water control 
and also the problems of marketing our 
tremendous crops of fruit and vegetables 
call for courage and determination on the 
part of all Floridians, said the Governor. 


Address by 


Governor 














While most of the of- 
ficers and members 
of the Executive Com- 
mittee of the Society 
were re-elected as usual, there are two new 
officers, The Krome Memorial Institute now 
has Dr. George D. Ruehle, Vice-director of 
the SubTropical Experiment Station at 
Homestead as Chairman, while the Vegetable 
Section elected Dr. J. R, Beckenbach, 


New Officers 
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Horticulturist in Charge of the Vegetable 
Crops Laboratory at Bradenton as Chair- 
man. Each of these chairmen is automatic- 


ally a Vice-President of the Society. Dr. 
Ruehle Dr. H. S. Wolfe, Head 
Professor of Horticulture at the University 
of Florida, who had 
since 1936. Dr. Beckenbach succeeds Dr. F. 
Truck of the 
Experiment Gaines- 
for Both 


are Assistant 


succeeds 


served as Chairman 


S. Jamison, Horticulturist 


Agricultural Station, 


ville, who had served two years. 


of these ex-chairmen now 
Secretaries of the Society, and asked to be 


relieved of the chairmanships for this reason. 


Attention is directed 
to certain changes in 
the Constitution of 
our Society made dur- 
ing the past two years, At the 1944 meet- 
ing, the Society voted, on recommendation 
of the Executive Committee, to raise the 
ecest of life membership from $25 to $100, 
and of patron membership from $100 to 
$250. The experience of even a prosperous 
year like 1944-45 was sufficient to indicate 
that these increases were considered un- 
reasonable. On the other hand the Society 
lost money on life memberships at $25, 
since the possible interest obtained by in- 
vesting this amount conservatively would 
rot be equivalent to an annual membership. 
Accordingly the Executive Committee rec- 
ommended, and the Society approved, a re- 
duction of the life membership to $50 and 
the return to a $100 patron membership. 
It is hoped that there will be quite a num- 
ber who wish to take advantage of current 
prosperity by becoming patrons of the 
Society, 





Amendments _ to 


the Constitution 














For the first time in 





several years it was 
possible for the meet- 
ing place to be 
selected by vote of the Society a year in 
advance. At the business session invitations 
were received from Jacksonville, Miami, 
St. Petersburg and West Palm Beach. The 
votes of the members of the Society over- 
whelmingly selected Miami as the 1946 
meeting place. 


Meeting Place 
in 1946 




















Attention is called 

Resolution on particularly to the 
Citrus Disease discussions in __ this 
volume on the Tris- 

teza disease of sour orange stock in South 
America by Dr. Camp and _ Dr. Swingle, 
and to the Resolutions passed by the 
Seciety. These call for joint action by the 
several citrus growing states and by the 


Federal agencies interested to the end that 
this disease may be investigated and means 
cf cure or prevention determined before 
it becomes established in this country, It 
is appropriate that this Society has taken 
the lead in this campaign, as it has done in 
previous cases of serious threat to the citrus 
industry of Florida. 








As the  Preceedings 

Loss Of were going to press, 
Secretary Floyd word came of the 
sudden and  unex- 








pected death of Bayard F. Floyd, who has 
served faithfully and with great success as 
our Secretary for the last 27 years. The 
1946 Proceedings will be dedicated to him 
and will contain an extended appreciation 
and biographical sketch. Meanwhile’ the 
Society is fortunate in having Dr. Ralph L. 
Miller assume the duties as Secretary. 
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Col. Bayard F. Floyd 


The death of Colonel Bayard F. Floyd 
following a heart attack in Winter Haven 
on Thursday, November 8, 1945, brought 
to a close the career of one of the best 
known, most influentia! and best loved mem- 
bers of the Florida State Horticultural 
Society. 

Col. Floyd was known to thousands of 
people throughout the state and his untir- 
ing work in behalf of the Horticultural 
Society for the nearly 20 years he had 
served as secretary of this organization, 
made his passing an occasion of marked 
regret. 

His death came following a meeting of 
the Florida Agricultural Research Bureau 
at the Citrus Experiment Station in Lake 
Alfred and it was while en route to Winter 
Haven following this meeting that he was 
stricken. 

Secretary of the Florida State Horticul- 
tural Society since 1917 Col. Floyd, more 
than any other one man was responsible 
for the success and growth of the Society. 
He had a:sumed a maior portion of the work 
ot planning the annual programs of the 
organization throughout the years, was an 
indefatigable worker in behalf of the 
Society and in the early years of his office 


frequently paid the organization’s expenses 
out of his own pocket when the finances of 
the Society were at a low ebb. His service 
was one of conviction, as no compensation 
was attached to the office. His reward was 
found in observing the far reaching effects 
ot the Society in promoting Florida horti- 
cultural progress. 

Among growers and fellow scientists he 
Was recognized as a sincere, capable and 
conscientious worker for the industry he 
served, 

Deceased was born in Kempton, Ind., 
March 18, 1882, received his A. B. degree 
in Indiana University in 1905 and his A. M. 
at the University of Missouri in 1907, He 
served as assistant botanist in the Missouri 
state experiment station from 1905 to 1907, 
and was plant physiologist with the Florida 
state experiment station in Florida from 
1907 to 1920. In 1921 he _ became vice 
president of the Wilson & Toomer Fertilizer 
Company and of the Florida Agricultural 
Supply Co. He was a member of the Amer- 
ican Society of Agronomists, the American 
Chemical Society, the Masonic lodge, the 
Rotary club and the Methodist church. 

He served for many years on the research 
advisory committee of the Florida Citrus 
commission. 
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PRESIDENT’S ANNUAL ADDRESS 
FRANK M. O’BYRNE, Lake Wales 


It was a great disappointment to the Exec- 
utive Committee of your Society that the 
Office of Defense Transportation could not 
see its way clear to permit the Society to hold 
its fifty-eighth annual meeting in May 1945. 
On instructions from the Executive Commit- 
tee, we requested permission to hold our 
meeting in May as usual. Many of the leaders 
of agriculture in the State joined us vigor- 
ously in our request—all to no avail. It is 
a matter of great satisfaction that events 
have made this fall meeting possible, so 
that our record of annual meetings is un- 
broken. 

The largest crop of citrus fruits in Florida’s 
history was on the trees as late as October 
18, 1944. The government estimate of Octo- 
ber 10, 1944, placed our crop at 92,700,000 
boxes. This estimate would undoubtedly 
have been revised upward once or twice as 
the fruit continued to increase in size through 
the season. It is barely possible that it might 
have touched 100,000,000 boxes. 

Then in the night of October 18th and par- 
ticularly before dawn on the 19th, a severe 
hurricane blew in from the Gulf of Mexico. 
It entered the State midway between Sarasota 
and Ft. Myers and traveled northeastward to 
St. Augustine, crossing Polk and Orange 
Counties and part of Lake, Putnam and Vo- 
lusia—Polk County being the hardest hit 
of all. 

As will be seen, this storm passed directly 
over some of our largest citrus plantings. 
Most of the foliage and fruit was blown from 
the southeastern half of grapefruit trees. 
Marsh Seedless trees lost up to 90% of their 
crop while seedy grapefruit lost 50% to 60%. 
Tall oranges, like Seedlings and Hamlins, lost 
from 50% to 75%, while smaller trees and 
Valencias only lost 15% to 20%. These 
losses were those suffered by groves in the 
path of the storm in Polk County. As it went 
north, the damage was lighter. 

Many trees were blown over with the tops 


down on the ground and half of the roots 


’ sticking up in the air. Many more trees were 


tilted all the way from a slight tilt to the 
point where the tops were almost on the 
ground. Some trees were broken up at a 
fork which was weak. 

Many of the trees which were blown over 
or tilted were straightened up and propped 
into position and so far have made a nice 
recovery. Some, which were still standing 
when the hurricane passed, went down later. 
This was because the hurricane had blown 
all the fruit and leaves off the southeast half 
of the trees and left most of it on the north- 
west half. Many of the roots on the south- 
east half had been broken. During each wind 
storm throughout the winter, there was a 
constant pull toward the northwest because 
of the fruit and leaves on that side, and 
where the remaining root system on the 
southeast was insufficient to hold, the trees 
gradually settled to the northwest. Many 
trees are still at a rakish angle to the north- 
west at midsummer and are doing surpris- 
ingly well. 

It was quite dry when the hurricane struck 
and while it brought a good rain, its effects 
were soon gone and groves were on the verge 
of suffering all winter. With the coming of 
spring, we had good rains and groves bloomed 
wonderfully; then it turned dry again. Groves 
which were irrigated at that time set large 
crops, but groves which were not irrigated 
and which suffered for water lost from 50% 
to 90% of their crop. Throughout the State 
the crop was probably cut in half by the 
drought. 

In May and June the weather was extreme- 
ly hot and dry; many trees died as a result. 
Then, on June 23rd, a hurricane of moderate 
intensity blew in from the Gulf north of 
Tampa and crossed the State giving us a 13% 
inch rain in 48 hours. The rain came slowly 
at first until the surface soil was well mois- 
tened and then came the heavy downpour. 
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Deep gullies were washed in some groves on 
the slopes, but on the whole it was a multi- 
million dollar rain. It was followed by heavy 
rains almost daily, averaging about an inch 
a day, so that in the next month we had had 
nearly thirty inches of rain. This was more 
than half of the average rainfall for a full 
year. Lakes which had dropped four to 
twelve feet, according to the amount of irri- 
gating done from them, came up four to five 
feet. 

As a result of these heavy rains following 
the serious drought, practically all groves 
put on one of the heaviest summer blooms 
that anyone can remember. More of this 
bloom came in July than June. Practically 
the only groves that did not bloom heavily 
at this time were those which had been irri- 
gated at intervals from the blooming period 
until June 23. Even some of these bloomed 
heavily. Where groves had suffered severely 
during the drought, the trees bloomed white 
and promptly lost all their bloom. They 
were too weak to set it. Where there was a 
great deal of dead wood in the trees from 
the storm and drought, melanose knocked off 
much of the foliage and fruit. Where the 
rains were very heavy and regular, some of 
the fruit popped off, even without melanose. 
But enough of the fruit is going to “stick” 
to give us a nearly normal crop next year. 
Our packing houses will probably continue to 
run almost all summer. 

Plantings are continuing to be made as 
rapidly as the nurserymen can produce the 
History seems to be repeating itself. 
Florida is now producing more citrus fruit 
than California and we have thousands and 
thousands of acres of newly planted groves. 
What will the situation be ten years from 
now? Canning, processing, and by-products 
undoubtedly hold the answer. If we can 
foster and develop this branch of our indus- 
try at an accelerated rate, disaster may be 
avoided. It is the only hope that I see. 

We should rejoice that the past session of 
our Legislature provided the necessary funds 
to establish at our Citrus Experiment Station 
at Lake Alfred a laboratory and pilot plant 
where problems connected with canning and 


trees. 


processing will be studied. The Federal 
Government has a station in Winter Haven 
which has been doing very valuable work, but 
there are problems enough for all. Florida 
must lead the way in such investigations. 

During these years of expansion, we should 
see larger plantings of avocados, mangos, 
and lychees in sections which are sufficiently 
warm. I have it on the word of a former 
resident of New York City that many of the 
people there think there is a fruit named 
Calavo. This person says that when these 
same people once taste a real Florida avo- 
cado, they are ruined for Calavos. I per- 
sonally have thrilled at the sight of mangos 
in the New York market. There will un- 
doubtedly be a large market for this most 
delightful fruit. There seems to be no hope 
of meeting the demand for fresh lychees. 

During the past six months we have had 
a severe lesson, a couple of them in fact. 
The first five and a half months were ex- 
tremely dry. In June the Tampa papers and 
many others ran pictures of cattle dying of 
thirst in the pastures. Within a few weeks 
calves and colts, and even cattle, were being 
drowned by the high water. This drives 
home the point that our water problem is a 
two headed monster: drainage and water con- 
servation go hand in hand. 

Before periods of heavy rain, ample drain- 
age systems must be provided to remove 
excess water quickly with the least possible 
damage. As soon as the excess is disposed of, 
the locks should be closed and the balance 
of the water conserved. 

A bill to set up a state wide Water Conser- 
vation Authority was prepared by the Gov- 
ernor’s Committee under the able chairman- 
ship of our Treasurer, Mr. Frank L. Holland. 
Hearings were held over the entire state 
before the bill was drawn. But because its 
provisions were not understood and their 
necessity appreciated, it was opposed by some 
of the very persons that it was designed to 
help. 

In our sister state of California there ex- 
ists an agency to prevent any such unfortu- 
nate circumstance arising. It is called the 
Agricultural Council of California. All 
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organized branches of agriculture are repre- 
sented on this council and all legislation 
affecting agriculture comes before it. All 
misunderstandings are cleared up in this 
Council instead of being carried to the legis- 
lative halls. No bill affecting agriculture 
has much chance, unless endorsed by this 
Committee. Any bill, so endorsed, is prac- 
tidally sure of enactment. We need such a 
Legislative Committee to represent all 
branches of Florida agriculture. I have ap- 
pointed a committee to study the subject. 
They will try to determine what organization 
should attempt to organize such a committee. 
I am sure that our members will welcome 
such a committee and will be glad to cooperate 
regardless of what organization might be 
asked to head it. 

As fruit growers, we have made a very dis- 


tinct contribution to the war effort. We have 
produced large amounts of one of the most 
important foods known today. We have been 
the world’s foremost producers of Vitamin C 
and many essential minerals. We have helped 
to keep our thhuge war machine here at home 
functioning at peak efficiency. 

Representatives of the British Government 
assured Governor Holland that citrus con- 
centrates were a God-send to the mothers and 
children of England and that without it their 
health would have suffered and as a result, 
the morale of England’s fighting men would 
have cracked. Now we are sending our life 
and health giving juices to the far reaches of 
the Pacific, making life there for our brave 
boys a little more tolerable. We can regard 
our accomplishments with patriotic satis- 
faction. 





THE ORIGIN OF THE TEMPLE ORANGE 
T. RALPH ROBINSON, Terra Ceia 


A few month ago Professor H. H. Hume 
wrote to the author requesting such informa- 
tion as I might have regarding the origin of 
the Temple orange. I replied in a letter dated 
March 15, 1945—a letter which covers the 
ground fairly completely as far as my knowl- 
edge goes. The letter is here submitted for 
the historical record, together with some 
additional notes. 

March 15, 1945 
Dr. H. Harold Hume 
University of Florida 
College of Agriculture 
Gainesville, Florida 


Dear Dr. Hume: 


With regard to the Temple orange and its 
origin, I have had in mind for some years 
the intention to put on record and publish 
what I had learned about it. I delayed doing 
so in hopes that I might find it possible to 


visit the place of its origin—which I believe 
to be Jamaica—for reasons to follow. There 
is little likelihood of my getting to Jamaica, 
so it seems there is no reason for further 
delay. 

I believe the first intimation I had as to 
the Jamaican origin of the Temple came from 
Mr. S. O. Chase. A copy of a letter written 
by him in March of 1922 to Mayo Dade was 
furnished me, telling of his (Chase) having 
learned that a fruit buyer by the name of 
Boyce brought budwood of this orange from 
Jamaica—that it was first given to Parson 
Lawton of Oviedo. You will doubtless recall 
that at the time of the Horticultural Society 
meeting at Orlando in 1933 you took Dr. Fair- 
child and me over to Oviedo to hunt up a 
tree (or two) reported to exist there identical 
with the Hakes tree at Winter Park. We 
found such a tree and all agreed that it was 
the “Temple orange.” 
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A year later (March 7, 1934) I had further 
corroboration in regard to the Jamaican 
origin from Mr. Z. Spinks of Leesburg. He 
stated that it was known as “Jamaican orange” 
in the Oviedo section; that besides Parson 
Lawton, at least two others, Messrs. King and 
Lee, had some trees of this variety; that most 
of them were destroyed in the ’94-95 freeze; 
and that no rebudding had been thought 
worth while after the freeze, since it had 
been learned that the fruit did not mature in 
time for the Christmas market. 

A few years later when I was in Washing- 
ton two fruits were sent from Hope Gardens, 
Jamaica, to the Department of Agriculture, 
with the request that the variety be deter- 
mined. No information was given in regard 
to the fruits, which were referred to me for 
examination. They were greenish (as most 
oranges of the tropics are even when fully 
ripe) and I had no suspicion of their nature 
until I cut into one. Immediately the aroma 
suggested the Temple, and when I tasted the 
fruit there was no doubt in my mind. I wrote 
to the Director of Hope Gardens making this 
identification and at the same time asking 
that a pressed specimen of the foliage be sent 
to file in our Economic Herbarium. The speci- 
men was never received. 

A year after this incident the Assistant 
Director of Hope Gardens (Mr. F. E. Smith) 
made a visit to Florida, and I spent a day or 
two with him. I mentioned the incident of 
the oranges from Jamacia and the non-receipt 
of the foliage specimen. He said he could 
explain that—that the owner of the original 
tree (and a budded grove) held the variety 
very closely, not even granting a tree or bud- 
wood to the Hope Gardens. He agreed with 
me, after testing Florida-grown Temple or- 
anges, that the Jamaican fruit was the same 
in character. 

Altogether the evidence seems to me to be 
very convincing that this fruit, doubtless of 
hybrid origin, came from Jamaica. It has a 
good many characteristics in common with 
some of the best of the tangelos—notably the 
Minneola, but of course has its own distinc- 
tive flavor. 


I would be glad to have your comments 
on the above. 
Sincerely yours, 
T. Ralph Robinson 
Collaborator 


The above letter to Dean Hume evidently 
proved satisfactory since in his letter of 
acknowledgment he offered no criticism and 
suggested that the information should be pub- 
lished and that the Proceedings of the Horti- 
cultural Society would be a proper place for 
publication. 

Further Notes on the Temple Orange 

Those of us “old timers” who were inter- 
ested in citrus during the busy planting period 
from 1915 to 1925 recall the furor raised by 
the introduction of the Temple orange—“The 
Ten Dollar a Box Orange’’ as the advertise- 
ments read. A tree in the Winter Park grove 
of L. A. Hakes attracted the attention of D. C. 
Gillette of the Buckeye Nurseries and ar- 
rangements were made to propagate the 
orange on a large scale. The orange was 
named for William Chase Temple, a neighbor 
of Mr. Hakes, and for many years a citrus 
leader and President of the Florida Citrus 
Exchange. The beautiful color and unique 
flavor of the fruit aroused great enthusiasm 
among citrus experts generally and within a 
few years of its introduction in 1917 exten- 
sive groves were being planted out. By 1921 
it is estimated that 10,000 acres in Florida 
had been planted to Temple. The “original 
tree’ at Winter Park was a budded tree, the 
stock being, according to my recollection, 
grapefruit. Practically all the early plant- 
ings of the Temple were made with trees 
budded on the rough lemon rootstock. When 
these first plantings came into production dis- 
appointment was very great, a large percent- 
age of the fruit being coarse and showing 
dry segments even before becoming ripe. So 
inferior was the fruit quality for several 
seasons that the reputation of the variety in 
the markets was almost ruined for all time. 
Many of the large plantings were cut off and 
budded over to other varieties; some were 
simply abandoned. Fortunately a few groves 
budded on the sour orange rootstock had been 
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planted in favorable locations and the fruits 
from these trees were found to reproduce the 
fine quality of fruit that had attracted the 
attention of citrus experts to the Hakes tree. 
Some of the groves on the rough lemon root- 
stock that were carried along gradually began 
producing better fruit with their greater age, 
and the recent use of supplementary plant 
food elements has brought about still further 
improvement. However the lesson, an ex- 
pensive one, has led to the use of sour orange 
as the main rootstock for Temples, though 
Cleopatra mandarin has also given satisfac- 
tory results, especially in soils somewhat too 
light for the best results with the sour orange. 

Speculation as to the origin of the variety, 
that is as to the parent varieties (if it is a 
hybrid), has led to a number of suggestions. 
To the writer it seems evident that one of the 
varieties involved was a member of the man- 
darin group, perhaps the tangerine. The 
other parent was probably some variety sus- 
ceptible to citrus scab since the Temple is 
fairly susceptible. This would rule out the 
common sweet orange, which like the tan- 
gerine is unaffected by scab. It might be 
either the sour orange or grapefruit, both 
susceptible. The Clementine tangerine is a 
tangerine-sour orange hybrid yet it is a de- 


cidedly sweet fruit and ripens much earlier 
than either parent. It is, like the Temple, 
susceptible to scab. The Clementine and the 
Temple are both mono-embryonic, producing 
but a single sprout from each seed a—con- 
dition almost unique among our citrus varie- 
ties. With this character in mind as well as 
the susceptibility to scab shown by the Temple 
orange I am inclined to view the parentage 
as tangerine sour (or Seville) orange, with 
the sour orange as the female or seed parent. 
The tangerine has uniformly failed to pro- 
duce hybrids from  cross-pollinated seed 
regardless of the source of the pollen. The 
tangerine thus appears to be 100% apogamic, 
seedling sprouts arising from the mother 
tissue of the seed rather than from true em- 
bryos. 

Attempts to establish parentage by the 
planting of seeds from self-pollinated fruits 
and awaiting segregation of characters in the 
resulting seedlings, while commonly success- 
ful with hybrids in many other groups of 
plants, have uniformly failed with citrus 
hybrids. 


T. Ralph Robinson 


Terra Ceia, Florida 
June 15, 1945 





SOIL MOISTURE RELATIONSHIPS IN 
SANDY SOILS PLANTED TO 
CITRUS IN FLORIDA 


VERNON C. JAMISON 
Citrus Experiment Station, Lake Alfred 


Among the citrus grower’s many problems, 
those which have to do with soil moisture are 
by no means of least importance. During 
long droughts producers of citrus fruits are 
especially conscious of questions related to 
methods of irrigation and moisture conserva- 
tion. A few years ago when the groves were 


younger or retarded in growth by mineral 
deficiencies, the water requirement of most 
Florida citrus groves was not high. With the 
general use of a better balanced nutritional 
program trees which were thin in foliage are 
now profuse in growth during periods when 
moisture is adequate. Moisture has become 
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a principal limiting factor in production, 
especially in older closely planted groves, and 
there is a need for a thorough investigation of 
moisture relationships in soils devoted to cit- 
rus in the state. In this paper some soil 
moisture principles pertinent to citrus culture 
will be discussed and a brief report will be 
given of some preliminary research in the 
hope it will be helpful in coping with moisture 
problems in Florida citrus groves. 

The spreading of liquids by surface attrac- 
tion or wetting forces into porous materials 
is known by the familiar term “capillarity.” 
All water movement in the liquid state in soils 
is caused by the wicking effect of capillarity 
alone or by gravity and capillarity working 
together or in opposition to each other. Down- 
ward movement of water in soils is chiefly 
caused by gravity, the weight of the water 
causing it to percolate to lower depths. If the 
soil is drier at the lower levels (and is wet- 
table) the movement is accelerated by capil- 
larity. Capillary forces tend to cause moisture 
to spread away from the wet unto the dry 
zones in a porous body. Upward movement 
of water in soil, except as water vapor, can be 
accounted for only by capillary forces work- 
ing against gravity. 

The forces of capillarity are greatest in 
wettable porous materials which have the 
smallest pores. The pores are extremely fine 
in clay soils and the capillary forces are pow- 
erful. Water will rise to great heights above 
a water table, but the porous channels are so 
very smal] that resistance to flow is great. 
The rate of water movement in clays, except 
in cracks and crevices, is extremely slow 
whether caused by gravity, capillarity or both. 
In well granulated loams, the capillary forces 
are powerful because of the fineness of the 
pores within the granules, and water move- 
ment may be rapid because of the relatively 
large spaces between the granules. Capillary 
forces are weak in sandy soils and water will 
rise about one and one-half feet above a 
water table in the pores of a very fine sand 
and only an inch or two in those of a fine 
gravel or a coarse sand. Transfer of water 
to greater heights must be as thin films over 
the surfaces and across the points of contact 


of the sand grains or in the form of water 
vapor. When water moves within the pores 
it may do so rapidly, although movement is 
extremely slow when it must take place over 
the sand grain surfaces alone. Thus, in a. 
moist light sandy soil that is several feet above 
a water table or a clay layer or a hardpan, 
the greater portion of the moisture that fails 
on the soil as rain or irrigation water drains 
into the deep subsoil quickly. 

Water movement in soils is often markedly 
affected by the development of a property of 
wetting resistance. This property is common 
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Figure 1. The comparison of representative 
samples of three different classes of soils 
with regard to the distribution of space 
occupied by solids, air, available water 
and unavailavle water at “field capacity” 
moisture content. 

with colloidal materials, such as clays and 

soil organic matter, and bears an important 

relationship to the behavior of soil moisture 
in sandy surface soils carrying plant residues 
as compared with sub-surface soils low in 
organic matter content. It seems that for 
capillary action to take place in extremely 

fine materials they must contain at least a 

certain minimum quantity of moisture. There 


must be small quantities of water distributed 
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Figure 2. The penetration of moisture into the sandy soil beneath a grapefruit 
tree from an application of 1-1/2 acre-inches of water by sprinkling as shown 
by cross sections made vertically to a depth of 5 feet parallel and perpendicular 
to the direction in which the pipe was laid. The examination was made by means 
of soil taken one day following irrigation at depths of 0-6, 6-12, 12-24, 24-36, 36-48 
and 48-60 inches at one-foot intervals extending from the trunk into the middles. 
The stippled areas show where the soil tube cut through moist soil channels or 
bodies. The density of stippling indicates whether the soil was observed to be “wet”, 
“moist” or “slightly moist”. The figures show the quantities of “available mois- 
ture” found in samples taken to the laboratory. 








8 FLORIDA STATE HORTICULTURAL SOCIETY 









a 


PARALLEL TO PIPE 


Leof-drip 












OEPTH IN FEET 
° 





PERPENDICULAR TO PIPE 


Irrigation 
Pipe 











Leaf-drip 
/ 





6.3: 
63 


8.9 - 


oe Ue 








f) ' 2 3 a 5 6 
DISTANCE FROM TRUNK IN FEET 


Figure 3. 
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The penetration of moisture beneath a grapefruit tree from an ap- 


plication of 4 acre-inches of water by sprinkling. The examination was made one 


day following and in the 


Figure 2. 


irrigation 


in a liquid condition throughout the colloidal 
mass. Under certain conditions the organic 
colloids may acquire another type of wetting 
resistance beyond that due to thorough drying 
(3). The very nature of the organic matter 
seems to change in soils beneath older citrus 
trees, especially those afflicted with a peculiar 
kind of spreading decline, and large bodies 
of dry soil are found beneath citrus trees even 
at the end of the summer rainy season. Under 
ordinary grove practices and conditions these 


same manner as 


for the study shown in 


bodies of soil remain perpetually dry. Unlike 
the development of resistance to wetting 
through desiccation of the soil, after the soil 
has once been wetted this property does not 
return, at least for several months, That is, 


wetting itself destroys this latter type of 
resistance to wetting. The ordinary kind of 
wetting resistance due to drying will return 
with thorough drying and this kind will not. 
Other factors. than desiccation seem to con- 
tribute to the development of difficulty wet- 
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Figure 4. The penetration of moisture into the soil beneath a grapefruit 
as shown by an examination made one day after about 
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tree 


one inch of rain. The 


negative figures indicate the amounts which samples were below the theoretical 


wilting point. 


table soil under the citrus trees. Another 
difference in these two types of wetting resist- 
ance is in the magnitude of the resistance 
itself. Difficulty wettable soil taken from 
“dry bodies” beneath citrus trees is usually 
ten to fifty times more difficult to wet, as 
measured by the rate of uptake of water, than 
the same kind of soil from the middles be- 
tween trees after it has been thoroughly dried. 

As a soil gets drier the forces holding the 
water in it increase. Plants remove moisture 
from the soil through the action of “suction” 
forces within their tissues. Most plants will 
exert a suction tension no greater than about 
ten to twenty atmospheres.1 When the 
moisture content in the soil is reduced to the 


1A negative pressure or suction force 
ten to twenty times that exerted by the 
atmosphere under normal conditions at sea 
level. One atmosphere of pressure is equal 
to 14.7 pounds per square inch. 


point where the capillary force or moisture 
tension is approximately ten atmospheres, 
plants growing in the soil will begin to wilt 
because of the inadequate moisture supply. 
Although the suction tension at which any 
plant wilts is strictly a characteristic of that 
particular plant, the moisture content of most 
soils does not change much with increase in 
tension in the neighborhood of fifteen atmos- 
pheres. Hence, most plants whose roots are 
growing in the same kind of soil will begin to 
wilt at about the same moisture percentage. 
However, the moisture percentage at which 
wilting takes place varies considerably from 
soil to soil. In a silty clay loam plants may 
wilt at about 10% moisture, but in a light 
sandy soil the wilting percentage may be 1% 
or less. For this reason, the wilting percent- 
age, or so-called “wilting point,” is considered 
a soil characteristic. Also, the moisture per- 
centage at wilting is really a very narrow 
range since there is some small variation in 
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Figure 5. Diagram of the moisture conditions found under a grapefruit tree 8 


days after an application of 4 acre-inches of water by sprinkling. The examination 
and plotting was done in the same manner as with Figures 2 and 3. 


the quantities which are to be found with 
different plants. 

The quantity of moisture held by any soil 
after the wilting percentage is definitely 
reached may be considered as “unavailable.” 
Hence, the fact that a soil may have a high 
“water-holding capacity” as based on the 
total amount of moisture that is held under a 
given set of conditions does not necessarily 
mean that the moisture supplying capacity of 
that soil is very high. A very heavy clay may 


hold about 40% water (by volume) when all 
of the tiny pore spaces are filled with water. 
Yet, about three-fourths of the water held at 
saturation may still be retained at the wilting 
point. Often certain soil amendments or 
other treatments are considered beneficial 
because they increase the moisture-holding 
capacity of the soil. There may be little or 


no increase in the capacity of the soil to 
supply moisture to plants, since the addition 
of clay or peat or other colloidal materials 





FLORIDA STATE HORTICULTURAL SOCIETY 11 


usually increases the moisture held at the 
wilting percentage. If the capacity of the 
amendment to supply available moisture is no 
greater than that of the soil, there will be 
no increase in the moisture-supplying power 
of the soil. The beneficial results frequently 
observed may be due to factors other than 
increased capacity for supplying water to 
plants. There may be an increase in aeration 
or deficient nutrients may be added. When 
the material applied has a greater moisture- 
supplying capacity than the soil, then the 
amendment may be beneficial in its effect on 
moisture relations. Such is often the case 
when peat or coarse clay is added to a light 
sandy soil. 

The quantity of moisture held in a soil 
after being thoroughly wetted by a rain or 
an irrigation and allowed to drain a day or 
two is usually spoken of as the “field ca- 
pacity” of the soil. Workers have assigned 
moisture tension values varying from one-half 
to a little more than one atmosphere to this 
soil moisture “constant.” Field capacities 
which are actually found by tests vary some- 
what depending upon certain field conditions. 
Such facturs as shade, kind of plant cover, 
depth to an impervious water-tight layer or 
height above a water table may greatly affect 
the values found. For most soils where the 
drainage of water from the larger pores is 
unrestricted by a water table or clay layer 
near the soil surface, an assigned value may 
have some significance. The moisture-supply- 
ing capacity of any soi] may be defined as the 
quantity of moisture a soil will hold at the 
field capacity less that which is held at the 
wilting percentage. In terms of moisture 
tensions or capillary forces it is usually con- 
sidered to be the quantity of moisture which 
will be withdrawn from a soil as the moisture 
tension changes from one-half to about fifteen 
atmospheres. The moisture relations of a 
friable silty clay loam, a compact silty clay 
and a fine sand, all three at field capacity 
moisture content, are compared in Figure 1. 
The silty clay loam is typical of better agri- 
cultural soils. The soil particles, which are 
distributed about equally between sand, silt 
and clay, are bound together by soil organic 


matter into numerous small lumps or aggre- 
gates giving rise to an ideal loose and friable 
condition. A large portion of the soil volume 
is occupied by fairly large pores filled with 
air. There is a good supply of water avail- 
able to plants, although almost half of the 
total held under field capacity conditions is 
not available. The silty clay is dense and 
compact, the soil particles fitting so closely 
together that the pores are mostly filled with 
water, the greater portion of which is not 
available. The fine sand was taken from a 
citrus grove and is typical of the Ridge soils 
of central Florida. It has more than 40% 
pore space, most of which is filled with air 
under ordinary field conditions. Except when 
drainage is interferred with by difficulty wet- 
table bodies, clay layers or a high water table, 
this soil will hold only about 5% water!, less 
than 3% of which is available to plants. The 
dry white sands of the scrub areas hold an 
even smaller quantity of available water. 

When rain or irrigation water falls on or 
flows over a soil surface it does not penetrate 
uniformly into the lower soil layers. Instead 
of moving downward in a body, wetting the 
soil evenly as it goes, the drainage water 
moves in channels, often by-passing large 
bodies of dry soil which are wetted only 
during prolonged periods of heavy rainfall. 
In the sandy soils of the Ridge section of 
Florida this is especially noticeable. The 
natural tendency of a sandy soil to resist 
wetting upon drying out thoroughly is largely 
responsible for this peculiar way in which the 
light sandy soils wet after long periods of 
dry weather. Water falling on a moist wet- 
table sand will normally sink rapidly where 
it falls.) When the soil is very dry it will fol- 
low the channels of lower resistance to wet- 
ting. The natural resistance of a dry sandy 
1 Five percent of the soil volume—the 
percentage by weight would be about three. 
Since volume percentages express the space 
relationships in the soil better, they will 
be used throughout this paper. They are 
about one and one-half times higher than 
the conventional dry weight percentage 
values. 
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soil to wetting is further aggravated by the 
extremely difficulty wettable condition de- 
veloped under citrus trees. The “dry bodies” 
of soil found under older trees have been 
described previously (3). They extend from 
the tree trunk out to the leaf-drip and from 
an overlying thin layer of wettable surface 
soil about one inch thick down to a depth of 
about ten inches. Rain and irrigation water 
drain over and through the thin wettable lay- 
er above each body and into the soil beyond 
the leaf-drip. Each dry body acts as a roof 
or watershed to the soil beneath it. The sub- 
soil beneath each difficultly wettable body can 
be wetted only by lateral movement of mois- 
ture from soil beyond the leaf-drip or from 
wettable channels which occasionally pene- 
trate through the dry bodies. That is, as the 
drainage water moves downward from the 
wettable soil it moves to some small degree 
in a horizontal direction into the dry soil 
beneath the dry bodies. Some water is trapped 
in wet pockets where it very slowly penetrates 
into the mass of difficultly wettable soil. Even 
though the field capacity of a sand may be 
only 4 or 5%, the soil in these wet pockets 
may be 10 or 15% for several hours after a 
rain while the moisture content of the adja- 
cent dry bodies is usually less than 1%. 

The depth of the less permeable clay soil 
layer beneath the soil surface greatly affects 
the distribution of water penetrating into 
sandy soils beneath citrus trees. If the clay 
layer is less than about four feet deep the 
drainage will be retarded and during heavy 
rains the sandy soil above the clay will be- 
come filled with water to the exclusion of air. 
The soil may remain waterlogged for several 
days following the rainy period and citrus 
roots growing therein are sure to be badly 
damaged by the lack of oxygen. If the clay 
layer is between five and ten feet deep it 
usually has a beneficial effect on soil-water 
relations. With moderate rainfall or with an 
irrigation the sandy soil for a foot or two 
above the clay becomes filled with water. The 
sand in the subsoil is somewhat more wettable 
than the soil at the surface. Hence the water 
in the saturated zone next to the clay will rise 
a foot or two by capillarity, providing a supply 


of moisture to citrus roots. If the clay layer 
is relatively flat or gently undulating this 
moisture reservoir may be adequate for two 
or three weeks after an inch or two of rain- 
fall. If it is more than ten feet to clay, rain 
or irrigation water falling on the soil surface 
and penetrating into the soil here and there 
in the small wettable channels through the 
difficultly wettable soil near the surface con- 
tinues to move chiefly in a vertical direction 
with some meandering in channels until it 
finally reaches the clay layer. With two or 
three inches of rain the zone two or three 
feet above the clay may become filled with 
water as with the cases where the clay is 
closer to the surface, but the moisture supply 
is too far from the tree roots to be very bene- 
ficial. The roots have to depend upon the 
meager supply left in the few wet zones and 
channels nearer the surface. Groves of older 
trees have often been observed to wilt and 
tests have shown no available moisture down 
to five feet below the surface eight or ten 
days after an irrigation of two acre-inches 
applied by sprinkling. 

A study was made of the distribution of 
moisture in the soils of irrigated groves. Soil 
cores were taken from the tree trunk to the 
middles parallel and also perpendicular to 
the direction which the irrigation sprinkler 
pipe had been laid. The cores were removed 
in depth sections of 0 to 6, 6 to 12, 12 to 24, 
24 to 36, 36 to 48 and 48 to 60 inches. Notes 
were kept on which portions of each section 
appeared dry, moist or wet. Preliminary tests 
showed that soils which appeared to be dry 
seldom contained more than about 1% avail- 
able moisture. Representative samples of 
each soil depth layer were taken from several 
of the cores in sealed jars to the laboratory 
where the moisture contents were determined. 
Composites were made of the samples from 
each depth layer and the quantities of water 
which they would hold at the theoretical 
“wilting point” (16 atmospheres tension) 
were determined by the centrifugal method 
(2). The quantities of available moisture in 


the samples at the time of sampling were cal- 
culated by subtracting the wilting point per- 
centages from the corresponding field mois- 
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ture contents. From the field notes and the 
moisture data, charts were prepared which 
showed the results. In effect, these charts 
were profile cross sections of the soil under 
citrus trees from the trunk to the middles in 
two directions at right angles or perpendicular 
to each other and from the surface to a depth 
of 5 feet. Results which are typical of several 
charts which were made during the first two 
weeks in June before the summer rains com- 
menced are shown in Figures 2 and 3. The 
moist zones are indicated by stippling, the 
wetter soil being shown by heavier stippling 
than that which appeared to be less moist. 
The available moisture contents found for 
each core section tested are indicated to the 
first decimal by the numerical values. It may 
appear from the charts that there are isolated 
bodies of moist subsoil. These are actually 
parts of moist channels which are continuous 
with the surface but due to their irregular 
shapes and meandering courses, the soil 
sampling tube cut across them or into their 
edges, exposing isolated sections. The curious 
patterns arise from the fact that the charts 
show only cross sections or profile planes and 
not volumes or all 3 dimensions. Neverthe- 
less, they illustrate the manner in which mois- 
ture penetrates into the soil from an irriga- 
tion. A similar pattern was obtained the 
day following an inch of rain on June 18 
(Figure 4). It had been more than a month 
since this grove had been irrigated; hence, the 
moist zones can be attributed to the penetra- 
tion of rain water. Here, as with irrigation, 
the wetting of the soil was very uneven, the 
water percolating downward in wettable 
channels. 

The varied wetting patterns in sandy ridge 
soils persist for several days after an irriga- 
tion or a moderately heavy rain (Figure 5). 
This arises from the fact that the bulk of the 
moisture falling on the soil drains away into 
the deep subsoil and the soil in the wettable 
channels retains only about 5% moisture. 
This quantity is insufficient to move far into 
the adjacent soil, especially if the soil is diffi- 
cultly wettable. The moisture which is re- 
tained against drainage in the wettable chan- 
nels is usually taken up by plants or is lost 


by evaporation within about two weeks after 
it falls on the soil surface. It is only after 
long periods of heavy rainfall that all the soil 
under younger trees is wetted. A large por- 
tion of the soil under many older trees is 
probably never affected by rainfall. 

If a sandy soil would wet uniformly and 
there were no losses during the application, 
it would take less than three acre-inches of 
irrigation water to wet all the soil to a depth 
of five feet to the field capacity (about 5%), 
or with as much water as a fine sand will 
retail against rapid drainage due to gravity. 
A citrus tree probably withdraws little mois- 
ture from the soil five feet below the surface 
in the deep sandy soils on the Ridge. For 
plantings 25 feet wide and with an average 
of 5% available moisture, there would be 
about 1200 gallons of water available to each 
tree if losses by evaporation from the soil 
surface could be prevented. In 1928, Cowles 
(1) reported that in February a grapefruit 
tree 15 years old lost about 11 gallons of 
water each day through its leaves. Since most 
trees today have heavier foliage, due to the 
correction of mineral deficiencies, the loss for 
a tree of the same age and at the same time 
of the year would be somewhat higher. The 
loss from a grapefruit tree 20 years old in 
dry weather in May would probably be as 
great as 40 gallons per day. If all the soil 
under trees could be wetted to field capacity 
and the moisture be conserved against evap- 
oration from the soil surface, one irrigation 
should provide adequate moisture for about 
one month in the older closely planted groves 
in the driest period during the year. With the 
application of 4 acre-inches of water only 
about one-tenth of the soil under grapefruit 
trees about 20 years old was brought to field 
capacity and about two-thirds of the soil was 
unaffected by the irrigation. Quantities which 
are ordinarily applied, or fall in moderately 
heavy rains, are even less effective (Figures 
2 and 4). It is clear that on the light sandy 
Ridge soils irrigation by present methods in 
citrus groves is very inefficient. There is an 
urgent need for research relative to the more 
effective use of irrigation water on these soils. 
The investigations regarding soil moisture 
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which will be of the greatest practical value 
to growers on the Ridge will be those which 
find easy and inexpensive ways of wetting the 
dry bodies and of inducing a more uniform 
penetration of water into the soil under citrus 
trees. 

The variable manner in which moisture 
penetrates into sandy soil in citrus groves 
makes moisture studies in the field much more 
complicated than if the soil were wetted more 
uniformly. The data obtained with gypsum 
blocks or similar devices designed to determ- 
ine soil moisture in place are of questionable 
value unless they are set in several different 
locations and the over-all results of a large 
number of readings obtained. Any moisture 
tension instrument designed thus far is 
affected only by the soil in immediate con- 
tact with the indicator device used. Since 
the sandy soil in citrus groves varies so widely 
in moisture content over distances of only an 
inch or two, it can readily be seen that the 
results obtained at any time by one or two 
moisture-indicating devices planted at any 
particular depth in a deep sandy soil are 
chiefly a matter of chance. Also, in taking 
soil moisture samples, or in making field 
examinations for moisture conditions, the 
tests must be repeated several times in order 
to get a true over-all concept of the moisture 
conditions in the grove. For any depth layer 
of similar soil, no less than twenty samples 
should be composited from a block of one or 
two acres for the determination of average 
moisture content. Only similar samples should 
be mixed in a composite. 

Most irrigating in groves on the Ridge is 
done with sprinkler pipes varying from three 
to six inches in diameter, either perforated 
or fitted with spray outlets called “gates” and 
designed to simulate rain. The water is 
pumped from lakes or wells into the pipes 
under sufficient pressure to get the desired 
rate of flow in the length of pipe line and the 
size of pipe used. Some few growers use the 
“flooding” method which consists of allowing 
the water to flow from the open end of the 
irrigation pipes, the last length of which is 
fitted with a moveable or flexible joint so as 
to be able to direct the flow where it is de- 


sired. Progress is made along each middle 
between tree rows by the addition of lengths 
of pipe. This method of irrigation has the 
advantage over sprinkling of requiring less 
pressure for the same rate of flow but it is 
extremely inefficient in that only a very small 
portion of the soil is wetted. The water is 
supplied so rapidly in one place that it col- 
lects in a few pools and drains through wet- 
table channels beneath each pool. The flood- 
ing method is not satisfactory and is not 
widely used. The efficiency of sprinkling 
will depend upon the rate of flow, the amount 
applied and the dryness of the soil at the 
time of irrigation. If the rate of flow is very 
great, as with flooding, the water will collect 
in pools and drain through a few channels 
into the deep subsoil. If it is very slow the 
loss by evaporation will be prohibitive. If 
the amount applied is too small, most of it 
will remain in the surface inch or two and be 
lost by evaporation. On the other hand, the 
loss of nutrients by leaching and the extra cost 
of pumping makes excessive applications pro- 
hibitive. The usual practice is to apply about 
2 acre-inches of water at the rate of about 3 
acre-inches per hour. Since a slightly moist 
soil will absorb water more readily than a soil 
which has thoroughly dried, it seems reason- 
able that a more frequent penetration would 
result from more frequent irrigations during 
droughts. The additional expense of keeping 
more of the soil moist, at least during critical 
periods such as following a bloom, would 
probably be offset by increased production, 
but irrigation, unfortunately, is generally 
looked upon as an emergency measure. Grow- 
ers often resort to its use only after damage 
is done to the grove and production has been 
reduced considerably. There is a need for 
more research on methods and timing of 
irrigation in citrus groves on the Ridge. 

A test was made in the experimental grove 
at Lake Alfred during the spring of 1945 to 
determine the effect of varying the mode of 
application of irrigation water. For the 
length of sprinkling pipe and rate of flow of 
water under the conditions of the test it took 
40 minutes to apply 2 acre-inches. The effect 


of applying the water in the usual way was 
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compared with that of applying it for 20 min- 
utes alternately so as to have a total of 40 
minutes of flow in each of two lines. One 
portion of Block XI was irrigated in the usual 
way and the remainder by the intermittent 
method. The effect of cultivation by disking 
one day after irrigation was also tested in 
part of the intermittently irrigated portion. 
Eight days after irrigation, 20-core composite 
soil moisture samples were taken from the 
depth layers of 0 to 6, 6 to 18 and 18 to 36 
inches. The intermittent method proved sig- 
nificantly more effective in wetting the soil 
than the usual method (Table 1). Also, culti- 
vation seemed to be effective in conserving 
the moisture retained in the soil. 


TABLE 1 
The Average Moisture Content Found in 
the Soil in the Middles Between Orange Trees 
8 Days After Irrigation by the Usual Method 
of Continuous Sprinkling as Compared with 
that of Intermittent Sprinkling with and with- 
out Subsequent Cultivation. 
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Further efforts should be made toward find- 
ing ways to conserve soil moisture. Numer- 
ous field observations have indicated that 
moisture is saved by the formation of a dry 
soil mulch by harrowing after an irrigation 
or one of the occasional moderate rains that 
come during the fall, winter and spring 
months. This is verified by the data in Table 
1 (compare Columns 2 and 3). It seems 
quite clear that a dry soil mulch will conserve 
soil moisture as long as there is available 
water in the surface foot of soil. The break- 
ing of the continuous water films in the ca- 


pillaries doubtless helps to prevent evapora- 
tion. Also, the loose layer of soil provides 
an “air blanket’’ which insulates against heat 
conduction from the sun-heated surface. For 
tests made at about 3 P.M. on a number of 
days in May 1945, moist soil 4 inches below 
a 2-inch soil mulch was found to be 5 to 10 
degrees cooler than the adjacent unmulched 
soil at the same depth. Water loss from a 
moist soil is decreased by a dry surface mulch. 
However, after the available moisture is lost 
from the surface foot or two, it is doubtful if 
any benefits come from mulching other than 
keeping down weeds which would transpire 
moisture and waste it during critical dry 
periods. After drying has destroyed capil- 
larity in the surface soil, cultivation should 
have little effect on the status of moisture in 
the subsoil. The theory that cultivating has 
some sort of a “drawing effect’? on moisture 
deep in the soil and brings it into the dry 
soil near the surface has no foundation in 
what is known about the behavior of soil 
moisture. 

Considerable attention should be paid to 
ways and means of facilitating a more uni- 
form penetration of moisture in citrus groves. 
Some little information in this regard is avail- 
able. Mixing wettable surface soil into the 
difficultly wettable soil lying just beneath it 
will improve wetting (3). Trees should be 
pruned so as to allow cultivation implements 
to pass within a foot or two of the tree trunks 
so the soil can be stirred mechanically. The 
soil in the mounds around the trunks in many 
groves should be drawn into the middles, and 
basins where large pools collect during rains 
should be filled. Where possible, rough hoe- 
ing or some other means should be used to 
stir the soil beneath the trees and leave 
numerous small pockets to bring about pene- 
tration more uniformly. Intermittent sprink- 
ling methods, where they can be used, will 
doubtless prove superior to the present method 
of continuous flow in that they will increase 
the proportion of the soil wetted. 

More information is needed regarding such 
questions as when to irrigate, method to use, 
how much water to apply and how fast it 
should be applied. The answers to these 
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questions and others relative to soil moisture 
relations in the sandy soils of the groves on 
the Ridge depend largely upon what is done 
to improve the efficiency of irrigation by find- 
ing how to wet more soil with less water. 
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SOIL MOISTURE FACTORS OF IMPORTANCE 
IN CITRUS AND AVOCADO GROVE 
MANAGEMENT 


J. R. FURR, Div. of Fruit and Veg. Crops and Diseases, 
Bureau of Plant Industry, Soils and Agricultural 
Engineering, U. S. Dept. of Agriculture, 
Orlando 


In soils of low soluble salt content three 
factors largely determine the amount of 
“available moisture’ that may be held for an 
extended period in the soil occupied by the 
root system of an orchard tree: (1) the field 
capacity of the soil, (2) the wilting range of 
the soil, and (3) the volume of soil permeated 
by the root system. During extended periods 
without rain or applications of irrigation 
water, trees on deep, well-drained soils are 
entirely dependent upon this so-called “avail- 
able moisture,” which is the water held by 
the soil at moisture contents between field 
capacity and the permanent wilting point of 
the soil. 

Field Capacity 

The “field capacity” is the moisture, ex- 
pressed as the percentage dry weight of the 
soil, retained by the soil after rapid drainage 
has ceased. Field capacity is determined 
primarily by the texture, that is, by the size 
of the particles in the soil. In general 
the higher the proportion of clay and 
finely divided organic matter in the soil, the 


higher is the field capacity. Field capacity is 
not, however, a soil constant, but is affected 
by variations in texture, structure, and den- 
sity of the various layers in the soil profile. 
It also varies slightly with the temperature of 
the soil water and is higher in winter than 
in summer. In addition to these factors, the 
great variability of soil over large areas and 
the sampling errors resulting from the absorp- 
tion of water by plants during the drainage 
period, make field capacity determinations 
in grove soils at best only approximate values. 
It is generally assumed that, in sandy soils 
that are free of dense layers of clay or hard- 
pan, rapid drainage after thorough wetting 
will be completed in 2 to 4 days and that 
the moisture content of samples taken at the 
end of this period represents the approximate 
field capacity. A more reliable estimation of 
field capacity may be made from drainage 
curves which are plotted from data obtained 
by sampling at intervals for several days after 
the soil was thoroughly wetted. 

Drainage curves for the top 4 feet of an 
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Figure 1. The moisture content of the top four feet of an Orlando fine sand in 
relation to time after wetting. Sampled after wetting at intervals of: 1 hour; 1, 
2, 3, 4, and 7 days. 
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Orlando fine sand are shown in figure 1. Each 
value plotted represents the average of 
samples from 9 stations spaced 3 feet apart. 
This soil was free of plants, and the surface 
was covered to prevent evaporation. It is 
evident that in this soil drainage was slow, 


probably because of a layer of slightly 
cemented sand in the fourth foot. Even on 


the 4th day, the rate of water loss by drain- 
age from this soil was greater than the prob- 
able rate of extraction by mature citrus trees. 
Loss by drainage from the 4-foot profile in 
acre-inches per acre, calculated from the 
moisture percentages, was: 1st day, 2:18; 
2nd day, 0.62; 3rd day, 0.19; 4th day, 0.31. 
Since an extraction rate of only 0.05 to 0.13 
acre-inches per day by mature, vigorous trees 
is to be expected, it is clear that in this soil 
what might be termed “rapid” drainage had 
not ceased by the 4th day after wetting. 

In addition to the uncertainty as to the 
proper interval to allow for drainage before 
sampling for field capacity determinations, it 
is frequently inconvenient to obtain samples 
at some definite time after the soil has been 
wetted. A satisfactory method of estimating 
field capacity from samples taken without 
regard to moisture conditions is needed. A 
simple and convenient laboratory method 
which shows promise of usefulness has been 
devised, but its reliability has not been thor- 
oughly tested. 

This method consists essentially in placing 
the samples in small metal cylinders on undis- 
turbed soil, wetting samples and soil, allow- 
ing two or three days for drainage, and 
determining the moisture content of the 
samples at the end of the draining period. 
The samples and soil were protected from 
large temperature changes and from loss by 
evaporation. In a comparison of field capacity 
values obtained by the laboratory method and 
by field sampling excellent agreement was 
obtained with the top foot samples; but 
possibly because of incomplete drainage in 
the field, the field values for the lower depths 
were appreciably higher than the laboratory 
values. 

The Wilting Point of the Soil 
The “first permanent wilting point” of a 


soil is the soil moisture percentage at which 
the leaves of plants growing in that soil just 
fail to recover from wilt in air that is nearly 
saturated by water vapor. If they recover 
turgor they were only temporarily wilted. At 
the first permanent wilting point plants make 
little or no growth even in very humid air. 

The leaves of plants such as the sunflower, 
which is usually used in wilting point determi- 
nations, do not all wilt together; but as the 
soil dries out, the leaves wilt progressively 
from base to apex of the stem. At the first 
permanent wilting point of the soil, only the 
basal pair of (sunflower) leaves remain wilted 
in humid air. If placed in the open, the plant 
will continue to absorb water from the soil 
as successive leaves up the stem wilt, until 
finally the small apical leaves are wilted. The 
moisture content of the soil at which all leaves 
are completely wilted and fail to recover in 
nearly saturated air is called the “ultimate 
wilting point.” When this stage is reached 
the plant soon dies, 

The range in soil moisture percentages from 
the first permanent wilting point to the ulti- 
mate wilting point is called the wilting range. 
In many soils 20 or 25 percent of the total 
available moisture may be held in the wilting 
range. In light sands, however, this range is 
narrow, and in calculating the available mois- 
ture capacity of such soils, disregarding the 
water held at moisture contents below the 
first permanent wilting point will result in 
little error. 

Under field conditions the entire soil mass 
occupied by the root system of a tree does not 
dry down to the “wilting point’ (first per- 
manent wilting point) at the same time. In 
general, the root concentration is highest in 
the upper foot or two of soil and within the 
spread of the branches, and decreases with 
soil depth and to some extent with distance 
from the trunk. This distribution of roots 
results in uneven drying of the soil. As the 
soil dries out during a prolonged drouth, the 
soil in the zones of highest root concentration 
reaches the wilting point, followed succes- 
sively by soil in zones of lower and lower root 
concentration. Paradoxical though it may 
seem, the moisture content of an appreciable 
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part of the soil has been reduced to the wilt- 
ing point before the tree wilts, and wilting is 
at first only temporary, so that for some time 
the leaves may recover turgor during the 
night. The depth of soil in which the moisture 
content may be reduced to the wilting point 
before the tree wilts varies greatly with size 
of tree, distribution and depth of root system, 
air temperature and humidity. It probably 
varies also with planting distance and possibly 
to some extent with soil texture. The moisture 
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Because of the great variability of soil and 
trees it is not possible to state, even in general 
terms, the depth to which the soil may be 
dried to the wilting point before wilting of 
citrus trees occurs. But trees with a healthy 
root system are not likely to wilt, even under 
rather severe weather conditions, until well 
over half of the small absorbing roots are in 
soil at moisture contents in the wilting range. 

Some writers have stated that if soil in a 
part of the root zone remains for a consider- 


First Permanent Wilting Point, Field Capacity, and Available Moisture Capacity 


of a Norfolk Fine Sand Planted to Avocados. 
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. ‘st J n Field Capacity . Per av. foot of 
“on | W (Foneas (Percent) __ interval depth interval 
(Acre-inches per acre) 
0.0-0.5 | 2.6 | 6.9 0.31 | 0.62 
0.5-2.0 1.2 | 3.1 41 27 
2.0-4.0 1.0 | 3.3 | .66 33 
4.0-6.0 | 1.1 | 2.7 46 .23 
0.0-6.0 | a are 1.84 31 
ae or _PLOT B 
0.0-0.5 | 2.6 | 7.0 | 0.32 | 0.64 
0.5-2.0 | 1.2 | 3.5 | 50 | .33 
2.0-4.0 | 1.1 | 3.3 | .63 | 31 
4.0-6.0 1.0 | 2.8 | 52 .26 
0.0-6.0 | cee | said | 1.97 | .33 
PLOT C 
0.0-0.5 | 1.8 5.2 | 0.24 0.48 
0.5-2.0 1.2 3.5 | .50 .33 
2.0-4.0 1.0 3.2 63 31 
4.0-6.0 4.1 3.2 | -60 30 
0.0-6.0 | —_ ieee 1.97 33 








content of that portion of the soil that is still 
above the wilting point is almost certainly of 
importance. For example, if a few inches of 
soil in the root zone were wetted to field 
capacity by a rain, the rate of absorption in 
the wetted zone would almost certainly be 
higher than in a comparable layer of soil that 
was just above the wilting point. This has 
been demonstrated by wetting the soil in a 
small area under a wilted tree, and determin- 
ing the rate of extraction from the wetted 
soil. 


able period at the wilting point, the roots in 
this soil will be killed by desiccation. It is true 
that roots near the surface in soil that is dried 
below the wilting range by surface evapora- 
tion may be killed by desiccation. It is, how- 
ever, very unlikely that roots in soil in the 
wilting range are injured by drying so long 
as the tree as a whole receives adequate mois- 
ture from those roots that are in relatively 
moist soil. There is good evidence that water 
may move from a root in moist soil to any 
part of the tree where water shortage occurs. 
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Thus water lost from roots in soil at moisture 
contents well below the first permanent wilt- 
ing point may be replaced by movement from 
roots in soil at moisture contents above the 
wilting point. Under such conditions, roots 
will stay alive for months in soil in the wilt- 
ing range and remain capable of active 
absorption soon after the soil is wetted. If, 
during a drouth, enough water is applied to 
soil in some of the root zone to prevent severe 
wilting of the tree, it is practically certain 
that nearly all of the roots in the non-wetted 
as well as the wetted soil will escape injury 
from cidescation at depths below the infiuence 
of surface evaporation. 
Available Moisture Content of Some 
Avocado and Citrus Grove Soils 

Table 1 gives the first permanent wilting 
point, the field capacity, and the available 
moisture capacity at various depths in the 
top six feet of soil in three avocado plots on 
a Norfolk fine sand. Field capacity values 
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were obtained by the laboratory method. 

The wilting point, the field capacity and the 
available moisture capacity values of the 
top six inches of this soil are roughly double 
the corresponding values for the lower depths. 
This difference is apparently caused by a 
relatively high content of organic matter in 
the top six inches. 

The high organic matter content of the top 
six inches presumably resulted from the grow- 
er’s practice, over a period of many years, 
of applying organic matter and growing cover 
crops. Doubtless this additional organic mat- 
ter has been of great value in the nutrition 
of the trees and thas added slightly to the 
available moisture capacity. These data, 
however, indicate that it is not practicable to 
increase very greatly the total available mois- 
ture capacity of sandy soils over large areas, 
such as avocado or citrus groves, by the addi- 
tion of organic matter. It is in periods of 
drouth that an increase in the available mois- 





























TABLE 2. First Permanent Wilting Point, Field Capacity, and Available Moisture Capacity 
of Some Citrus Grove Soils. 
| First Field Available Moisture Capacity 
Soil Type | Depth Permanent Capacity Per depth Per av. foot of 
and | P | Wilting Point | (Percent) interval th i 1 
Resbion | (Feet) | (Percent) interva depth interva 
| | (Acre-inches per acre) 
Norfolk 0.0-1.0 | 1.9 | 6.1 0.65 0.65 
fine sand; | 1.0-3.0 | 1.4 | 5.2 1.19 .59 
Windermere | 0.0-3.0 | wae aes 1.84 61 
Norfolk | 0.0-0.5 | 1.8 | 4.9 0.24 0.48 
fine sand; | 0.5-3.0 1.7 | 4.7 ym 47 
a 
Davenport } 0.080 | —-- a 1.41 AT 
Blanton | 0.0-1.0 2.1 8.0 0.92 0.92 
fine sand; 1.0-3.0 1.9 6.7 1.50 -75 
Wiersdale | 0.0-3.0 staid oe 2.42 81 
Leon | 0.0-0.5 | 2.9 9.0 | 0.48 | 0.96 
fine sand; | 0.5-3.0 | 2.5 8.0 2.14 | 86 
Citra | 0.0-3.0 | _— ace | 2.62 | 87 
Blanton 0.0-0.5 1.8 7.6 0.45 0.90 
fine sand; | 0.5-3.0 1.3 6.5 2.03 81 
Citra | 0.0-3.0 | pte ae 2.48 | 83 
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fine sand; 0.5- 
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ture capacity would be of most value, but 
during such periods a large part of the water 
in the top three or four inches of soil is lost 
by surface evaporation before it can be ab- 
sorbed by the roots. If we assume that the 
available moisture capacity of the top six 
inches was doubled, that is, raised from 0.15 
to 0.30 acre-inches per acre by the addition 
of organic matter, but that the top three 
inches of soil dried out by evaporation, the 
net increase of available moisture would be 
0.07 acre-inchés per acre, probably not over 
two days’ water supply for the mature avo- 
cado trees in this grove. 

The total available capacity of the top six 














5.0 l 0.29 | 0.58 
4.0 1.17 | AT 
an | 1.46 | .49 
4.6 | 0.24 | 0.48 
4.5 1.25 50 
ae | 1.49 | 50 
4.7 | 0.26 | 0.52 
5.5 | 1.44 0.58 
_ | 1.70 57 
23.0 | 0.90 1.80 
11.0 2.30 0.92 
_ | 3.20 1.07 
7.0 | 0.38 0.76 
4.0 | 1.09 44 
i 1.47 49 
8.0 0.44 | 0.88 
5.0 1.44 | 58 
aks | 1.88 | 63 
7.0 0.40 0.80 
4.5 1.29 52 
eae 1.69 56 
11.0 0.65 1.30 
5.0 1.40 0.56 
noe 2.05 68 








feet of soil in this grove was estimated to be 
nearly two acre-inches per acre. The samp- 
lings for moisture determination on the avo- 
cado plots were not timed in such a manner 
as to permit an accurate calculation of the 
moisture extraction rate, but an estimate 
made from the data available suggests that 
during the last half of March, 1945, the ex- 
traction rate was about 0.07 acre-inches per 
acre per day, or 2.1 inches per month. Under 
such conditions, starting with the soil at field 
capacity, the available moisture supply in the 
top six feet of this soil would be exhausted 
in about a month. 

In Table 2, the wilting point, the field ca- 
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pacity, and the available moisture content of 
some citrus grove soils are given. Surface 
soils and sub-soils were taken in separate 
samples. The field capacity values given 
for these soils are simply the field moisture 
contents determined at the time of sampling, 
and since the samples were taken in the sum- 
mer, when almost daily rains occurred, most 
of them are probably somewhat higher than 
the actual field capacity. 

In most of these soils the wilting point of 
the surface soil is about 2%, and that of the 
sub-soil, about 1.5%. The available moisture 
capacity of the top three feet of all but a few 
lies between about 1.5 and 2.5 acre-inches per 
acre, 

On deep, well-drained soils it is unlikely 
that trees would wilt before the moisture con- 
tent of the top three feet of soil has been re- 
duced to about the wilting point, so that on 
soils similar to those listed here it may be 
supposed that 1.5 to 2.5 acre-inches per acre 
would be required to wet them to three feet. 
In applying irrigation water, of course, not 
all of the water applied will be retained in 
the layer of soil that it is intended to wet. 
Some water will be lost by surface evapora- 
tion and run-off, and in sandy soil, probably 
much more by percolation to depths below 
the root zone. That is, in low areas, such as 
middles that have been “dished” out by re- 
peated disking toward the trees, much more 
water may penetrate the soil than is required 
to wet it to field capacity, and, if so, will be 
lost to depths below the root zone. 

The efficiency of application, that is, the 
percentage of water retained in the soil of the 
root zone, may be affected by rate, uniformity, 
and amount of the application of water, and 
by variations in slope, permeability, and “wet- 
tability’”’ of the soil. An efficiency of 80% 
is considered high, and 40% to 65% is prob- 
ably more usual. Water may be applied with 
fair to high efficiency as a spray from pipe 
fitted with sprinklers, or as a single stream 
by the method of flooding from slip-joint pipe 
on nearly level land or on land of uniform 
and gentle slope. On land of very irregular 
or steep slope it is difficult to attain high 
efficiency by any method, but sprinkling lends 


itself to higher efficiency than other methods 
on such land. 

It may be fairly assumed that when trees on 
soils similar to most of those listed here are 
wilting, the top three feet of soil may be 
wetted to field capacity by about 2 to 3 acre- 
inches, or 54,308 to 71,462 gallons of water 
per acre, if it is applied uniformly over prac- 
tically the entire surface and does not run off 
of the tree rows and collect and penetrate 
mostly in the middles. In deep sandy soils 
free from dense layers near the surface, there 
is very little lateral movement of water, so 
that nearly all of the water will go straight 
down at the point of entry. 

Moisture Extraction as an Indication of 
Extent and Depth of Citrus Root Systems 

To obtain some idea of the depths in light 
sandy soils at which citrus roots absorb ap- 
preciable amounts of water, soil samples were 
taken during a prolonged dry period to a depth 
of 8 or 10 feet in several groves on each of 
two soil types, Orlando fine sand and Norfolk 
fine sand. Since samples were taken at the 
“drip” of the tree, the distance from the 
trunk at which the samples were taken gives 
and indication of the size of the trees at each 
site. Moisture determinations, and estimates 
of field capacity by the laboratory method 
were made on the samples. From these data, 
the moisture deficiency, that is, the difference 
between field capacity and the field moisture 
content at the time of sampling, was calcu- 
lated for each depth sampled. The field ca- 
pacity, the field moisture content, and the 
moisture deficiency expressed as percentage 
dry weight, as acre-inches per acre for the 
depth interval, and as inches per average foot 
of the depth interval are given in Table 3. 

At most of the sites sampled some rain had 
fallen a few days before samples were taken. 
The top foot at Site No. 1 was at about field 
capacity. At Site No. 4, however, much of 
the top foot appeared to be air dry. At the 
other sites rain had probably not penetrated 
below the top foot, except at Site 6, where 
the second foot had apparently been partly 
wetted. 


The moisture deficiencies expressed as 


inches per average foot, which puts findings 
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TABLE 3. Moisture Deficiency of Some Grove Soils During a Drouth 












































Field |——___Meisture Deficiency _ 
; Field Moisture Per av. 
Site = Depth Capacity Content |__ foot 
No. Description of Site | (Feet) (Percent) | (Percent) | (Percent) (Acre-in. per acre) 
1. Seedling Orange, 22’ 0-1 5.3 | 5.9 0.0 0.0 ; 0.0 
x 22’ Orlando Fine 1-2 4.9 } 2.4 | 2.5 .o9 0.39 
Sand Sampled 11 ft. | 2-4 } 3.9 | 1.0 | 2.9 0.95 0.47 
from Trunk. | 4-6 | a7 12 | 25 | 0.78 | 0.39 
6-8 | 3.0 2.2 0.8 0.25 | 0.12 
| 8-9 13.4 8.4 5.0 | 0.78 0.78 
|. 9-10 | 137 | 10.0 37 | 0.58 | 0.58 
| 9-10 | | | | 3.73 | 0.87 
2. Grapefruit, 25’ x 25’ 0-1 | 7.6 | 4.3 | 3.3 | 0.51 | 0.51 
Orlando Fine Sand 1-2 7.2 «| 24 | 48 | O75 | 0.75 
Sampled 12% ft. | 2-4 | 4.6 | 2.0 2.6 | 0.81 0.40 
from Trunk. 4-6 3.3 | 28 | O68 | O26 | O28 
6-8 3.2 | 2.9 | 0.3 0.09 | 0.04 
8-9 5.3 3.8 | 1.5 0.23 | 0.23 
| | — 
0-9 | | 2.55 | 0.28 
8. Orange (Parson, | 0-1 9.3 | 4.8 | 4.5 | 0.70 | 0.70 
Brown), 24’ x 24°| 1-2 6.9 | 32 | 3.7 | 0.58 0.58 
Orlando Fine Sand 2-4 5.0 2.6 | 2.4 0.75 0.37 
Sampled 8 ft. from 4-6 4.3 | 27 1.6 | 0.50 0.25 
Trunk. 6-7 5.7 | 3.3 | 2.4 | 0.37 0.37 
7-8 6.5 8.5 | 8.0 0.47 0.47 
8-9 6.4 3.6 | 28 | 0.44 0.44 
9-10 5.1 3.5 1.6 | 0.25 0.25 
| | 
0-10 | | | | 4.06 0.41 
4. Grapefruit, 25’ x 25’ 0-1 13.3 1.5 | 11.8 | 1.84 1.84 
Norfolk Fine Sand 1-2 3.9 i 2.7 42 42 
Sampled 10 ft. from 2-4 8.5 4.3 | 2.4 .75 87 
Trunk. 4-6 2.8 1.7 | | .04 Bs | 
6-8 3.1 22 | 09 | .28 14 
8-10 3.4 2.9 | 0.5 | .16 .08 
| | 
0-10 | | 3.79 38 
5. Orange (Parson| 0-1 5.3 | 1.8 3.5 0.55 0.55 
Brown), 24’ x 24’ 1-2 4.0 1.2 2.8 44 .44 
Norfolk Fine Sand 2-4 $.1 0.9 2.2 .69 .o4 
Sampled 8 ft. from| 4-6 2.4 15 | 0.9 .28 14 
Trunk. | 6-7 | 17.4 12.6 | 4.8 -75 -75 
7-8 17.4 11.8 | 5.6 | 87 87 
oe 
| 0-8 | | | 8.58 45 
6. Orange (Hamlin), | 0-1 4.6 } $3 | 2.5 | 0.39 0.39 
24’ x 24’ Norfolk | 1-2 3.4 2.3 34 | Ba By 
Fine Sand Sampled 2-4 3.2 1.6 1.6 | .50 .25 
6 ft. from Trunk. 4-6 2.8 1.3 1.5 | AT .23 
6-7 6.2 3.0 | 3.2 1.00 1.00 
7-8 7.1 5.1 | 2.0 62 62 
| 
0-8 | |} 38.15 39 
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for depth intervals on a comparable basis, 
shows little relation to the depth from the 
soil surface, except at Site No. 2, which may 
have been irrigated some time before samples 
were taken. The moisture deficiency was 
sometimes greatest in the zones of highest 
field capacity, probably because at certain 
depths all of the available moisture was ex- 
hausted some time before the samples were 
taken. For example, it would appear from 
the field capacity values, which in these sands 
are about 3 times the wilting point values, 
that certain levels as follows: Site 1, 2-6 foot; 
Site 2, 1-2 foot; Site 2,1-2 foot; Site 4, 1-4 
foot; Site 5, 0-4 foot, were at about the wilt- 
ing point when sampled. 

The conditions are rare under which it 
would be possible to estimate relative root 
activity, that is, relative absorption rates at 
different depths, from a single sampling, and 
those conditions were not met in this instance. 
It is apparent, however, that during periods 
of drouth the amounts of water absorbed by 
trees on deep light sand at depths below 3 or 
4 feet may be very appreciable. In fact, at 
certain of these sites doubtless very little 
available moisture remained in the top 3 or 4 
feet and yet the trees were not wilted. 

The amounts of irrigation water, applied 
with an efficency of 80%, that would be re- 
quired to wet these soils to field capacity to 
the depths sampled appear to be surprisingly 
high. The amounts calculated in acre-inches 
vary from 3.2 to 5.1; in gallons per tree, from 
1554 to 2469. These data, however, suggest 
the possibility that on such soils the frequency 
of irrigation applications might be reduced 
by wetting as much of the area as possible 
to a depth of 6 or 8 feet when applications are 
made, and it would seem to be poor economy 
indeed to wet these deep soils to less than 
4 feet at an application. 

Conclusions and Practical Applications 

The practical significance of the fact that 
a soil has a fairly definite field capacity and 
wilting point is that: (1) a certain definite 
amount of water may be held by the soil in 
a certain depth zone. If more than this 
amount is applied, the excess will drain out; if 
less than this amount is applied, all of the soil 


will not be wetted. (2) Only a certain definite 
part of the total amount of water that may 
be held in the soil permeated by the root 
system of the tree is available to the tree. As 
the amount of available moisture is reduced 
throughout the root zone, and exhausted in 
certain parts of the root zone, the amount 
of root surface that may function in water 
absorption is also reduced. As increasing 
proportions of the absorbing root surface 
cease to function in water absorption, the 
water deficit of the trees becomes greater and 
finally temporary or even permanent wilting 
results. 

Systematic sampling for determination of 
soil moisture percentages is not practicable 
for general grove irrigation management. 
Such work is done merely to obtain a clearer 
conception of the conditions that affect the 
trees. With frequent and careful observations 
in the grove as a basis, the principles of soil 
moisture control may be applied to practical 
grove irrigation management. It is essential 
that the observer be able to tell when the soil 
at various depths in the root zone is near 
the wilting point, so as to determine when 
water should be applied. He should also 
examine the soil after an irrigation to de- 
termine the depth to which it was wetted. 

One may become familiar with the appear- 
ance and feel of soil of a particular type at 
about the wilting point by examining such 
soil where it is thoroughly permeated by roots 
of plants (large weeds or trees) that are wilt- 
ing. Soil nearer the surface than six inches 
should be discarded, since it may have been 
affected by evaporation. The appearance and 
feel of soils at the wilting point will vary with 
color and texture, so that familiarity should 
be gained with the range of variations that 
are encountered in the grove. Since the soil 
usually dries slightly faster at the “drip” 
of the tree on the south-west quarter (prob- 
ably because of higher soil temperature), 
examination in this quarter should give the 
first indication of need for water. Only from 
experience is it possible:to estimate about 
how deep the soil may be allowed to dry out 
in a particular grove before the trees are in 
danger of wilting. Because of the time re- 


Roy and Gardner — Seasonal Absorption of Nutrient Ions 
By Orange Trees In Sand Culture 





Fig. 1. Young orange trees growing in sand cultures. Nutrient solution is added 
to the crocks and the leachings collected in che bottles below. 
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quired to cover the grove with irrigation 
water, however, in most situations it will be 
desirable to start applying water sometime 
before the trees show any wilting. Water 
applied as soon as the soil at a depth of 18 to 
24 inches is near the wilting point will prob- 
ably prevent severe water shortage in groves 
on soils similar to those examined in this 
study. If it can be avoided, trees should not 
be allowed to dry out to the point where they 
show definite wilting. The grower is well 
aware of the ill effects of prolonged wilting, 
but even before the trees wilt, fruit growth 
is gradually reduced as the tree is subjected 
to increasing water deficit. 

To determine how effective an application 
of irrigation water has been in wetting the 
soil that was dried out by tree roots, it is 
necessary to examine the soil in such a man- 
ner that variations in distribution of water 
will be detected. Wherever all of the dry 
soil was not wetted the line of demarcation 
between wet and dry soil will be sharp. The 
soil that is wetted will be wet to field capacity 
and a few inches below the “wetting front’ 
the soil will be as dry as it was before irri- 


gating water was applied. 

The labor and time of examining the soil is 
greatly reduced by the use of a convenient 
tool. Either the smallest size of post-hole 
auger obtainable (2 or 3 inches in diameter), 
or an auger made by welding a four-foot 
rod with a crosspiece at the top to a one inch 
carpenter’s bit with the cutting flanges and 
threaded tip ground off, is a fairly convenient 
tool. In soils in which it can be used, a probe 
made of % inch rod is very convenient. It is 
easily thrust through very wet soil but the 
resistance to penetration increases sharply 
when the dry soil is encountered. In some 
soils the probe is useless, either because of 
too little difference in resistance offered by 
wet and dry soil or because of hard layers. 

Determining the depth of wetting after an 
irrigation gives some idea of the uniformity 
of distribution with which the water was 
applied and serves as a basis for estimating 
the length of time that water should be applied 
to wet the soil to the desired depth. Without 
an occasional careful examination of the soil 
after irrigating, serious faults that might be 
corrected economically may pass unnoticed. 





SEASONAL ABSORPTION OF NUTRIENT IONS 
BY ORANGE TREES IN SAND CULTURE 


WALLACE R. ROY and F. E. GARDNER 
Div. of Fruit and Veg. Crops and Diseases, Bureau of Plant 
Industry, Soils and Agricultural Engineering, 
U. S. Dept. of Agriculture, Orlando 


INTRODUCTION 


The growing of plants directly in nutrient 
solutions or in pure sand to which such solu- 
tions are added has long been a useful method 
in studying various phases of plant nutrition 
in which the information sought cannot be 
obtained from plants growing in soil under 
field conditions. In the present investigation 
sand cultures were employed to study the 


seasonal intake by young orange trees of 
nitrogen, phosphorus, potassium, magnesium, 
and calcium from solutions containing all of 


1 Acknowledgment is made to G. Hrnciar 
of the Station staff, and to erstwhile mem- 
bers, C. H. Brokaw, F. M. Cyst, and J. M. 
Harris, who at various times assisted with 
the analyses and care of the trees. 
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the nutrients in soluble form. The method 
also offered an opportunity to obtain an ac- 
curate record of the amount of water used 
by the trees throughout the year. 

Because of the artificial nature of the root 
environment in a sand culture as compared 
with a complex soil system, and for other 
reasons that will be brought out later, the 
data which follow might well prove mislead- 
ing as a direct basis for fertilizer practice. 
The experiment was designed simply to de- 


on rough lemon rootstock were used for the 
experiment. The roots were washed com- 
pletely free from adhering soil, after which 
the trees were replanted in January 1942 in 
pure quartz sand in 8-gallon vitrified tile 
crocks. To each tree was fastened a piece of 
tarpaper roofing, so fashioned as to exclude 
rain water from the sand in the crock. These 
covers were easily removed for the purpose 
of applying nutrient solution or water. The 
crocks were supported on racks at a height 
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Seasonal increase in trunk circumference of young orange trees 


grown in sand cultures supplied continuously and intermittently with 


complete nutrient solution. 


termine from month to month the extent to 

which the orange tree absorbs the various 
nutrient ions here studied. 
METHODS 

Fourteen Parson Brown orange _ trees 

budded two years previously in the nursery 


of 2 feet from the ground. The bottom of 
each crock was provided with a drainage hole, 
in which was inserted an 8-inch length of 
glass tubing, by means of a one-holed rubber 
stopper. The lower end of the glass tubing 
was inserted in a 5-gallon glass bottle, which 
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was placed immediately under the crock and 
which served to collect the drainage (Fig. 1). 
A liberal amount of toluene was maintained in 
the drainage bottles to minimize bacterial 
action within the leached solutions until they 
were collected for analysis. 

Two crocks, prepared in the same manner 
except that no trees were planted therein, 


into two sets of seven trees each, and one 
crock containing sand only was assigned to 
each set of trees as a control. The first set 
of 7 trees was given nutrient solution daily, 
each tree receiving identical, carefully meas- 
ured amounts of solution. The control crock, 
containing sand only, was given nutrient in 
the same amount. During periods of high 
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Transpiration rate (liters per 28 days) of orange trees grown in 


sand —?— and mean monthly rainfall in Orlando area (40-year 


average, U. 


were used as controls in a manner to be ex- 
plained presently. 

The first six months of feeding allowed the 
trees to establish new tops and roots and 
were also devoted to determining procedures 
to be followed during the ensuing experi- 
mental period. At the end of this initial 
experimentation, the potted trees were divided 


. Weather Bureau. 


transpiration enough water in measured 
amounts was also applied to keep the trees 
from wilting. 

At the end of each 2-week period the crocks 
were flushed out thoroughly with 30 liters of 
water over an 8-hour period. This collected 
wash water was added to and thoroughly 
mixed with the original leachate and the total 
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volume carefully determined. Two - liter 
samples from each total leachate were used in 
determining N, P, K, Mg, and Ca, calculating 
the total amounts of each element leached 
from each crock. The differences between the 
amounts of each of these elements found in 
the leachings from the control crock contain- 
ing sand only and the amounts in each tree 
leachate were calculated and represented that 
absorbed by the tree during the foregoing 
feeding period. 

The second set of 7 trees and the second 
crock containing sand only were given water 
only in the same manner as described above. 
At intervals of approximately three months 
they were fed for a period of two weeks, and 
the leachates collected and analyzed at the 
termination of the feeding period. This in- 
termittent feeding was adopted to determine 
if trees which were “hungry,” as it is assumed 
that grove trees sometimes become between 
applications of fertilizer, would have an ap- 
preciably different demand for the various 
elements from trees fed continuously. 

The nutrient solution used was of the fol- 
lowing composition: 


Nitrogen—112 p.p.m. from Ca(N0,)..4H,0 


56 ” ” KNO, 
174 «=O * ” NaNO, 
Total N 342 ” 
Potassium—143 p.p.m. from KNO, 
| ied ”  KH,P0, 
Total K —hCU 


Phosphorus—75 p.p.m. from KH,P0, 
Magnesium—54 p.p.m. from MgS04. 7H20 
Calcium—160 p.p.m. from Ca (N03)2. 4H20 


In addition, minor elements were added to 
bring their concentrations in p.p.m. to 1 of 
iron, 0.4 of manganese, 0.4 of zinc, 0.4 of 
copper, and 0.4 of boron. 

Sufficient quantity of the above nutrient 
solution was used to insure an excess of all 
elements over that which the trees absorbed, 
as evidenced by the appreciable amounts of 
the elements determined in the leachate. The 
PH of the leachate disclosed a marked tend- 
ency of the nutrient solution to shift to the 
alkaline side due to a greater absorption of 
the acidic ions than of the basic ions. To 


prevent this shift toward alkalinity from pro- 
gressing to the point where certain ions 
might be precipitated, the pH of the nu- 
trient solution, and of the tap water used 
in watering, was adjusted to 4.5. 

Records were kept as to time and amount 
of bloom and of flushes of growth, as well as 
bi-weekly measurements of trunk circum- 
ference measurements. 

The trees were grown out of doors in full 
sunlight. At times when danger of freezing 
was imminent, all crocks were removed to a 
greenhouse until the danger of cold damage 
was past. Nicotine sulfate and oil sprays 
were used from time to time as required for 
insect control. 

Temperature records in the root zone were 
kept by means of a continuously recording 
thermograph, the thermobulb being buried in 
the sand of one of the crocks. 

Results 

Tree behavior. The trees receiving con- 
tinuous feeding grew normally, exhibiting 
healthy, dense foliage and a good bloom dur- 
ing January-February of the second season. 
This bloom was several weeks earlier than 
on grove trees nearby, due probably to the 
continuous availability to the potted trees of 
ample water and nitrogen. No symptoms of 
deficiency appeared except for leaf patterns 
indicating a minor manganese deficiency in 
the spring, which soon disappeared. The 
leaves of the trees on intermittent feeding, 
as might be expected, developed typical 
symptoms of increasing nitrogen deficiency 
during the intervals without nutrients but 
these promptly disappeared after each feed- 
ing period. They were approximately 2 weeks 
later in blooming than the trees fed con- 
tinuously. 

In the second season in the crocks the con- 
tinuously-fed trees produced a heavy crop 
of fruit, considering tree size, amounting to 
an average of 10.3 pounds of fruit per tree. 
The intermittently-fed trees produced an 
average of 6 pounds of fruit. The fruit from 
the two sets of trees were approximately 
equal in size, and no apparent difference 
existed in rind thickness or texture. 

The continuously-fed trees gradually out- 
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grew those intermittently fed in amount of 
top growth. Fig. 2 shows the seasonal increase 
in trunk circumference of the two sets of 
trees. Although the most rapid rate of increase 
in trunk growth occured between March 1 
and August 10, a steady rate of increase 
continued throughout the balance of the year 
in the continuously-fed trees. It is clear 
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tle represents an accurate measure of the 
transpiration rate when the relatively small 
loss due to evaporation from the sand surface 
under the paper cover of the crocks was cor- 
rected for by the results with the treeless con- 
trol crocks. The seasonal transpiration rate 
for the continuously-fed trees is shown graphi- 
cally in Fig. 8, together with the seasonal 
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Seasonal absorption of nitrogen by young orange trees grown in 


sand cultures with a complete nutrient solution supplied continuously 


(solid blocks) and intermittently (dotted line). 
temperatures of the culture medium are 


that orange trees can and do increase in 
trunk caliper even during the so-called win- 
ter dormant period if they are well fed. 
Very little trunk growth occurred in the 
winter months in the case of the intermittent- 
ly-fed trees. 

Water usage. The difference between the 
amount of water applied and that which per- 
colated through the pots to the collecting bot- 


Mean minimum 
also shown. 
rainfall distribution (40-year average for Or- 
lando, from U. S. Weather Bureau reports). 
The similarity in shape between the transpira- 
tion and the precipitation curves is very strik- 
ing and is no small factor in the success and 
economy of production in Florida’s citrus 
areas. 

Nitrogen. The absorption of nitrogen and 
of each of the other elements under study was 
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determined independently for each tree for 
each 2-week period. In order to smooth out 
individual variations which naturally occur 
and to simplify presentation, the absorption 
figures have been calculated as means of each 
group of seven trees by 4-week intervals and 
graphs made to show the seasonal intake over 
an 18-month period of development. The two 


4). It is worthy of note that the increase in 
rate of nitrogen absorption, as was true of 
the other ions also, did not begin until some- 
time after bloom. 

Of interest, also, is the observation that 
during the feeding period the nitrogen intake 
of the trees fed intermittently, represented by 
the dotted lines on the graph, was in the same 
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Fig. 5. 


arrows on each chart point to the dates of 
start of spring shoot growth and of full bloom, 
respectively. 

Nitrogen was absorbed in _ appreciable 
amounts at all seasons of the year, although 
the rate of absorption was lowest during the 
months of January and February. A rapid in- 
crease in absorption is shown beginning in 
March, reaching a peak in April and May, at 
which time the rate was approximately double 
that during the January-February low (Fig. 


28 es 


order of magnitude as was the intake of the 
trees receiving continuous nutrient, suggest- 
ing that rate of nitrogen intake at any given 
period was not materially influenced by previ- 
ous nitrogen consumption. 

The mean minimum temperatures of the 
sand plotted with nitrogen intake make ap- 
parent that a fair correlation exists in which 
nitrogen absorption decreases with a lowering 
of the temperature. Chapman and Parker (2) 
report a similar relationship in their studies 
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of nitrogen absorption by orange trees from 
water cultures. It is very doubtful that tem- 
perature per se is the only factor involved in 
this corrolation, for if it were, the relative rate 
of absorption of the other ions might be ex- 
pected to follow closely that of nitrogen. It 
will be seen that there were points of marked 
dissimilarity in the behavior of the other nu- 
trients even though the absorption of all ions 
decreased during the cooler months. 


intake of phosphorus occurred during Decem- 
ber, January, February, and March, followed 
by relatively high intake during the period 
April through November. (Fig. 5). During the 
month of October in both years, phosphorus 
intake was greatly increased for some unac- 
countable reason. During the period of nitro- 
gen omission (August 24-September 7 of the 
second season) the phosphorus rate of intake 
was approximately half that of the preceding 
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Fig, 6. Seasonal absorption of potassium (as K20.) 


At one period during the experiment (Au- 
gust 24-September 7) nitrogen was purposely 
omitted from the nutrient solution. It is in- 
teresting to note that following this exclusion, 
the intake of nitrogen was not accelerated to 
any appreciable degree with a return of this 
element to the solution. 

Phosphorus. A period of greatly decreased 


period, increasing in the period immediately 
following to a rate similar to that before with- 
holding of the nitrogen. The sudden increased 
phosphorus intake occurred 4 weeks following 
nitrogen abstinence; however, such an in- 
crease also occurred at the same time of the 
previous year when nitrogen was supplied 
continuously. 
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Phosphorus intake of trees fed intermit- 
tently was generally of the same order of 
magnitude of those fed continuously, with 
some fluctuations. 


Potassium. The seasonal absorption of 
potassium showed a greater magnitude of 
fluctuation than nitrogen intake, being very 
low during the period December-February, 
and increasing rapidly following bloom (Fig. 


when nitrogen was withheld from the nutrient 
solution, intake of potassium decreased sharply 
to 50% of the absorption during the preced- 
ing 2-week period. When nitrogen was re- 
stored to the nutrient solution, the intake of 
potassium for the ensuing 4-week period in- 
creased sharply to a level 17% greater than 
during the 4-week period prior to withholding 
the nitrogen and the following month it was 
38% greater. Based on behavior the preceding 
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Fig. 7. 


6). During the first January studied, intake 
of this element ceased completely, there be- 
ing some indication during this time that 
potassium was actually being returned to the 
solution from the roots; the amount, however, 
was of a very small order of magnitude and 
not consistent for all the trees in the crocks 
under continuous feeding. 

During the period August 24-September 7, 


a 
8 15 13 10 7 30 28 25 


Seasonal absorption of magnesium (as MgO.) 


year, the rate of potassium intake during this 
period would be decreasing. It would there- 
fore appear that the rate of potassium intake 
is influenced both by (a) concurrent nitrogen 
absorption and (b) potassium hunger. The 
latter supposition is further substantiated by 
the intakes of potassium during the feeding 
periods of the intermittenly-fed trees which, 
at each period (with one exception) were 
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greater than the potassium intake of continu- 
ously-fed trees during the same periods. The 
exception noted occurred during the time 
when potassium intake of the continuously- 
fed trees was stimulated by previously with- 
holding nitrogen. Breazeale (1) has pointed 
out that the absorption of phosphorus and pot- 
ash, but not of calcium, is accelerated by the 
presence of nitrogen, in a study of seedling 
wheat plants grown in water cultures, 


nesium was absorbed, and like potassium, 
there was some evidence of a return to the 
sand of slight amounts of this element. This 
apparent excretion of magnesium and potas- 
sium can possibly be accounted for by the 
normal dying of some root tissues which then 
lost their powers of ion retention and there- 
fore diffuse small amounts of these elements 
continuously, the amount becoming recordable 
only when the young, live roots were absorb- 
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Fig. 8. Seasonal absorption of Calcium (as CaO.) 


The continuous line 


showing the water intake suggests a relationship between calcium 


intake and transpiration. 


Magnesium. The intake of magnesium was 
very low during the period November through 
February, increasingly rapidly through the 
spring to a peak in late May and early June, 
and then decreasing to November (Fig. 7). 
During three of the 4-week periods (Novem- 
ber through January, the first year) no mag- 


ing none of the elements in question. Haas 
and Reed (3) mention excretion of potassium 
into nutrient solution by citrus seedlings when 
the potassium becomes very low. 

During the period August 24-September 7 
when nitrogen was withheld, the intake of 
magnesium was suppressed to half of its mag- 
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nitude before and after. After resumption of 
nitrogen feeding, there was a normal intake 
of magnesium again. 

Intake of magnesium by the intermittently- 
fed trees during the feeding periods is of in- 
terest. During warm weather, when this ele- 
ment was being absorbed readily by the con- 
tinuously-fed group of trees, the rate of mag- 
nesium intake by the intermittently-fed group 
was about the same. However, during the 
colder weather when magnesium intake was 
at a very low level by the continuously-fed 
group, it was still being absorbed in appreci- 
able amounts by the trees which were inter- 
mittently fed. This would suggest that some 
absorption of magnesium may occur at any 
period of the year when an actual tree hunger 
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throughout the winter months. A good degree 
of correlation was noted between calcium in- 
take and transpiration as shown in Fig. 8, 
where the two are plotted together. 

Analytical data (3) have revealed that cal- 
cium tends to increase in the leaves of citrus 
trees throughout their entire lives, and that 
such accumulation is more pronounced in Flor- 
ida during the summer months, which is the 
period of greatest rate of transpiration. 

Absorption ratios. The proportions of N, 
P205, K20, Mgo, and CaO absorbed in each 
4-week interval during the experiment are 
presented in table 1. Nitrogen is placed at 
unity, and all other fertilizer ingredients are 
calculated on this basis. From the table it can 
be seen that 




















TABLE 1. Seasonal ratios of nutrient absorption (with nitrogen given a value of 1) 
4 weeks ending N P.O. K.O MgO CaO 
Aug. 11 | 1 | 0.45 | 1.08 0.33 | 1.31 
Sept. 8 1 0.41 0.61 0.20 1.08 
Oct. 6 1 | 0.37 0.73 0.30 | 1.11 
Nov. 3 1 0.73 0.75 0.15 1.35 
Dec. 1 1 0.43 0.63 | 0.00 | 0.93 
Dec. 29 1 0.17 0.22 0.00 | 0.56 
Jan. 26 | 1 0.11 0.00 | 0.00 0.67 
Feb. 23 | 1 0.20 0.43 | 0.06 | 1.27 
Mar. 23 1 | 0.12 1.08 } 0.21 | 1.31 
Apr. 20 1 0.28 | 1.13 | 0.32 | 1.29 
May 18 1 | 0.26 1.11 0.29 1.33 
June 15 1 0.44 1.29 0.46 | 1.63 
July 13 1 | 0.43 0.68 | 0.26 | 1.30 
Aug. 10 1 0.54 1.08 | 0.28 | 1.57 
Sept. 7 | N omitted ae ao ae a 
Oct. 5 1 0.49 1.16 0.22 1.40 
Nov. 2 1 0.83 1.48 | 0.11 1.79 
Nov. 30 | 1 0.44 0.79 | 0.05 | 1.48 
Dec. 28 1 0.23 0.43 | 0.14 0.58 
Jan. 25 | 1 0.00 | 0.31 0.14 1.26 
Ratio of total for | 

entire period 1 0.41 0.88 | 0.21 1.30 
Ration of total for | 

fruiting year 1 | 0.38 0.98 | 0.23 1.36 
for this element exists, although during the with nitrogen equal to 1 the P205 absorption 


summer it is much more readily absorbed. 
Calcium. The absorption of calcium in 
comparison with the other ions studied was 
relatively high, the period of greatest intake 
occurring from April through November. As 
in the case of nitrogen, appreciable although 
reduced amounts of calcium were absorbed 


varied between the limits of 0.73 to 0; K20 
varied between the limits of 1.29 to 0; MgO 
and CaO, respectively, were 0.46 and 1.78 as 
maxima and 0 and 0.56, respectively, as 


minima. In general, higher ratios of the other 
nutrient elements to nitrogen absorbed oc- 
curred during the warm months and low ratios 
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during the colder months. Absorption ratios 
for the entire period of the experiment, cal- 
culated from the total absorption of each in 
the order indicated above, were found to be 
1-0.41-0.88-0.21-1.30 for the trees fed con- 
tinuously, and 1-0.35-1.07-0.24-1.26 for the 
trees fed intermittently. The ratios for the 
totals of the last 12 months of the experiment, 
from January 26, 1943, through January 25, 
1944, in which period the trees bloomed and 
matured a crop of fruit, were 1-.38-0.98-0.23- 
1.36 for N, P205, K20, MgO and CaO, re- 
spectively. In considering the absorption ratios 
for any given period the actual amount of ni- 
trogen absorbed during that period should also 
be kept in mind since the other elements are 
only relative to the amount of nitrogen. 
Discussion and Summary 

A record of monthly absorption of water, 
N, P, K, Mg, and Ca by two groups of Parson 
Brown orange trees grown in sand cultures 
is presented. One group was fed continuously 
with a nutrient solution containing all of the 
elements known to be essential to citrus, and 
the other group fed intermittently with a simi- 
lar nutrient solution, with water only supplied 
in the intervals between feedings. 

The rate of absorption of the various ions 
fluctuated greatly with the season of the 
year. In general, absorption of water and of 
nutrients was low in the colder months, re- 
flecting, perhaps, the relatively quiescent 
period of tree activity. Following the resump- 
tion of new growth and bloom in the spring 
a rapid increase in the rate of intake of all 
ions occurred. In spite of similar seasonal 
trends the absorption of the various ions dif- 
fered greatly in the extent of their fluctua- 
tions and in the time of cessation and resump- 
tion of their main absorption periods. 

It is worthy of note that the increased rate 
of absorption of all ions in the spring did not 
begin until sometime after bloom. Because of 
the very low rate of absorption of all ions, or 
complete absence of some for a considerable 
period prior to bloom, it is apparent that 
blossom production and initial fruit set on 
these trees could have been influenced by 
these ions only through absorption several 
months previously. 


It is well known that trees absorb ele- 
ments which are non-essential for their de- 
velopment and that they may also absorb 
amounts of essential elements in excess of 
their requirements if such large amounts of 
the elements are available. There is some evi- 
dence that the orange trees on continuous 
feeding in this experiment may have taken in 
more nutrients than they could advantageously 
use. It was mentioned earlier that the con- 
tinuously-fed trees produced an average of 
10.3 pounds of fruit per tree, whereas the in- 
termittently-fed trees averaged 6 pounds. The 
total absorption of all ions by the intermit- 
tently-fed trees was approximately only one- 
fifth that of the trees constantly suppplied 
with nutrients. This difference in absorption 
was out of all proportion to the difference in 
yield or in tree growth between the two sets. 

From the viewpoint of practical application 
of the findings in this report it should be 
borne in mind that important inherent differ- 
ences exist between a soil system and the sand 
cultures used herein. Even the light Norfolk 
soils exhibit a degree of ion fixation and base 
exchange which influence nutrient avail- 
ability, whereas these factors are absent in 
pure sand cultures. In this connection, it is 
recognized that the concentration of individu- 
al ions in a nutrient solution may influence to 
some extent the degree of absorption of other 
ions and that therefore the picture of seasonal 
ion absorption presented here may not con- 
form entirely with the absorption from a soil 
mass, or from a nutrient solution of different 
composition. It is recognized also that the 
fiuctuations of temperature in the root zone of 
the sand cultures in this experiment were 
more extreme than would occur in the soil. 
Because of such differences, judgment and 
caution must be exercised in any attempts to 
interpret these findings in terms of grove fer- 
tilizer procedures. However, the striking be- 
havior of the trees with respect to seasonal 
nutrient uptake raises the question as to 
whether most fertilization programs could not 
be made more efficient by varying the for- 
mula to comply more nearly with the seasonal 
ability of the trees to absorb the various ions 
and also thereby to avoid excessive loss by 
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leaching of soluble nutrients during periods of 
iow intake. 
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SOME OBSERVATIONS ON THE CITRUS 
INDUSTRY OF AUSTRALIA 


W. W. LAWLESS 
Citrus Experiment Station, Lake Alfred 


The observations presented in this paper 


are those which I was able to make while serv- 
ing WV h the Armed Forces of the Us Ss. in 
Australia from 1942-45. The nature of my 


duties was such that they carried me into 
of the citrus producing areas and also 
contact with some of the research 

) were \ ipful and generous 

me information and showing me 

I ally helpful were: Mr. R. Ben- 

1 ¢ members of the New South 

D ment of Agriculture, Sydney; 


the Griffith Lab- 
t of the Council for Scientific and In- 
dustrial Re ‘ommonwealth Agency; 





nd ma ntal and private 
rep ntatives. Observations are not com- 
ete nor could all phases be followed through 

se the army had priority on my time 


nd my personal desires were not considered. 
This paper is presented with the view that 
these observations will give the Florida citrus 
erower some knowledge of the citrus industry 
of Australia. 

Citrus is produced in all of the states of 
the Commonwealth of Australia, with the ex- 
ception of the island of Tasmania. This area, 
which is only a few thousand square miles less 


than that of the U. S. A., extends from a lati- 
tude of 5 degrees to 40 degrees south of the 
equator and from a longitude 110 degrees east 


to 150 degrees east. This includes the entire 
island m: 


ainland of Australia, from Townsville 
Coral] Sea to Perth on the Indian Ocean, 
and from Melbourne on the South Pacifie to 


on the 


larwin on he styajite Tw i 
Darwin on the Straits between the mainland 
ans Tatras “k ; ; ; 

and Java. The introduction of citrus dates 
back Oo the earl 


settlements and prison colo- 

nies in the 1700’s with the subsequent acrea- 
age and production steadily increasing until 
the present time approximately 6,000,000 
bushels of fruit are produced on 40,000 acres. 
1 is limited to several widely sep- 

rated areas in each state, New South Wales 
> with about 26,000 acres, Victoria fol- 
lowing with 7,000 acres, Queensland with 
3,000 acres and South and West Australia 
with some 4,000 acres each. Most of these 
areas are in the proximity of marketing cen- 
ters such as Sydney, New South Wales; Mel- 
bourne, Victoria; Brisbane and Townsville, 
Queensland; Adelaide, South Australia; and 
Perth, West Australia. In general each pro- 
ducing area can be classified as an individual 
project, with each orchard an individual prob- 
lem. One is impressed with the individuality 


or 
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in the citrus industry as compared to the or- 
ganized industry in the United States. From 
a standpoint of economics and research work 
this individuality is a drawback in the forma- 
tion of a closely knitted and cooperative in- 
dustry. The problems are many and complex; 
the various producing areas are great dis- 
tances apart and scattered within a district; 
research work is divided between several State 
and Commonwealth departments, which les- 
sens the efficiency of the scientific workers, 
who are few in number; and export markets 
are very limited. 

This discussion wil] deal manly with citrus 
production in New South Wales. Roughly 
there are two main producing areas, (1) The 
Coastal Area and (2) The Irrigation Area. 
There are certain specific observations for 
each area and these will be discussed first, fol- 
lowed by a discussion of observations general 
to all areas. 

(1) The Coastal Area 

There are approximately 15,000 acres in 
this area located within 50 miles of the Pa- 
cific Ocean, scattered along practically the 
entire coast line of New South Wales, with 
the majority within 50 miles of Sydney. The 
Gosford and the Hills districts are the two 
principal areas. In these districts various 
small areas are to be found where the soil is 
suitable for citrus. Very few groves are over 
40 acres, most of them being smaller, and 
these are widely scattered within the area and 
isolated from each other by forest, hills or 
unsuitable land. There are many soil types, 
varying from a sandy loam to clay and shale, 
with a pH mostly below 5.5. Most of the grow- 
ers do their own work with very old equip- 
ment, harvest and pack their own fruit or 
haul it in small lots (10 to 25 boxes) to a 
small packing house. The fruit is shipped 60 
miles to the markets in Sydney and thus it 
is sold within a week after it is picked. 

A tract of land suitable for citrus costs 
from $25 to $35 per acre, but when that part 
which can actually be used for planting is 
considered it runs around $60 to $70 per acre. 
Clearing costs from $50 to $60 per acre. Good 
bearing groves were selling for around $650 
to $700 per acre. The areas with the better 


soils were selected by the early settlers and 
now many groves are being planted on mar- 
ginal areas. 

Citrus is grown in this area under natural 
rainfall but some growers attempt to irrigate 
and most of them have some system of drain- 
age such as ditches or underground tile, or 
both, to remove the excess water which ac- 
cumulates during the winter rains. One grower 
had a plunger type pump with a 2-inch de- 
livery operating against a 90-pound head. He 
was watering 8 trees, 250 gallons per tree, in 
a half-hour by sprinkling from a riser sprink- 
ler on a 2% inch lateral. 

(2) The Irrigation Area 

Citrus under irrigation is produced mainly 
in two areas: (1) The Murray River discrict 
about 500 miles southwest of Sydney with 
3,000 to 4,000 acres, and (2) the Murrumbid- 
gee Irrigation area, called MIA, about 300 
miles southwest of Sydney with 6,000 to 7,000 
acres in which the towns of Leeton and Grif- 
fith are located. It is this latter area which 
will be discussed. 

Some settlement started in the MIA in 1910 
to 1912 but the main settlement started after 
the First World War when it was used by the 
English and Australian Government as a 
soldier settlement. This district is very simi- 
lar in both soils and climate to that found in 
the citrus districts of California. The summers 
are dry and thot with temperatures as high as 
115 degrees F.; the winters are wet and cold 
with most of the 20 inches yearly rainfall 
during these 3 to 4 months. The minimum win- 
ter temperatures are lower than we have in 
Florida, frequently falling to 25 degrees and 
lower. During the winter I spent in this dis- 
trict we had 20 consecutive mornings of frost 
with ground temperatures as low as 12 degrees 
F. Both fruit and wood are damaged but there 
is little concern over the cold injury and no 
measures are taken for protection. In the 
canning plant many Valencia oranges were 
noticed which were half dry as the result of 
cold injury. It is quite possible that the growth 
of the trees is retarded by these low tempera- 
tures, as generally leaves become yellow dur- 
ing the winter months and this has been diag- 
nosed as an effect of the low temperatures. 
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Irrigation water comes from the Burring- 
jack Dam on the Murrumbidgee River and is 
carried throughout this area via canals and 
ditches built above the ground level. This 
water is controlled by a Water Commission 
which sells the water to the fruit growers for 
10 shillings ($1.65) per acre-foot. A Deth- 
ridge wheel is used for measuring the water. 
The cheap price has been more detrimental 
than beneficial to the growers because the 
water was so cheap that it was not controlled 
in irrigation and many areas became water- 
logged and excess water seeped to low areas 
making them unusable. 

The furrow method of irrigation is used, 3 
to 4 furrows per middle. From 6 inches to 1 
foot of water is applied per application, with 
the season’s total around 3 to 4 feet, plus the 
20-inch rainfall. Frequently irrigations are 
necessary near the end of summer which bor- 
ders on the beginning of the rainy season and 
growers apply the regular amount of water, 
which is often followed by a very heavy rain 
and results in the soil being waterlogged for 
the entire winter and spring. Some growers 
have installed pumps and are using sprinkler 
pipe and applying less water per irrigation, 
but at more frequent intervals, in an attempt 
to lessen waterlogging and to control Phytoph- 
thora. 

Soils are of a heavy clay loam from 6 inches 
to 2 feet deep, underlain with a hardpan or 
other impermeable soils. Drainage at its best 
is very poor and these soils tend to waterlog 
very easily. With unregulated irrigation, heavy 
winter rains and poor drainage, this area is 
facing a serious threat of extinction unless 
something can be found to remedy the situa- 
tion. A report made by the Irrigation Research 
Extension Committee on “Tree Decline” in 
1943 stated “that of the 6,000 acres of citrus 
in this area, only 53 per cent of,the trees were 
healthy; 25 per cent slightly unhealthy; and 
22 per cent were unhealthy.” Furthermore it 
related “Practically all the groves are now 
affected, many of them seriously.” 

Citrus is usually mixed with general farm- 
ing and growers do their own work with old 
and slow equipment, harvesting their own 
fruit and packing and shipping it to the Syd- 


ney market, while others send it to one of the 
two packing houses in this area. These are a 
little more modern than those in the Coastal 
area but are not at all comparable to ours. 
General 
The following general observations apply to 
both the Coastal and Irrigation area: 
Varieties 
Common varieties used are: Oranges: 
Washington Navel, Common, and Valencia; 
Lemons: Eureka and Lisbon, the latter pre- 
ferred; Mandarins or tangerines: Emperor, 
Imperial and Glen Retreat to some limited 
extent; Grapefruit: Marsh seedless, Thomp- 
son pink and Wheenye, a long-leafed tree with 
a very sour fruit. A few Temple oranges and 
a few Tangelos are planted but not to any ex- 
tent. About three-fourths of the total 26,000 
acres of New South Wales is planted in 
oranges, nearly equally divided between 
Navels and Valencias. The remaining acreage 
is planted to lemons, mandarins and grape- 
fruit. The latter two grow and produce much 
better in the Queensland district. Mandarins 
are being destroyed because the export mar- ' 
ket to New Zealand has been lost through po- 
litical policies. The mandarin fruit is small 
and thick skinned with coarse meat very simi- 
lar to the Oneco tangerine. The grapefruit in 
general is small and bitter. 
Rootstock 
Young trees of two-year-old cions are used 
in planting, being spaced on 20 or 22 foot 
squares, approximately 100 trees per acre. 
Rough lemon is the common and most used 
rootstock, probably 90 per cent of the plant- 
ings being on it. It is doing very well in all 
areas but seems to succumb to attack of the 
fungus Phytophthora in the soils which be- 
come waterlogged. Sour oranges are not used 
because they are very short-lived and very 
hard to raise, requiring more time and effort 
than most growers are willing to expend. Some 
sweet orange and other stocks have been tried 
but are not in general use. Trifoliata stock 
now seems to be replacing all other stocks and 
has proven very successful for Valencia 
oranges, grapefruit, tangerine and lemon but 
not for Navel oranges because of the apparent 
noncompatability of the stock and cion. A few 
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Navels or trifoliata stock develop normally 
and on these production is heavier and quality 
superior to rough lemon stock. The very large 
percentage which do not develop normally are 
stunted and dwarfed with a condition around 
the bud union known as “scalybark.” The 
writer has observed 20- and 30-year old Navels 
on trifoliata stock and new plantings of Va- 
lencias are being made on it because of its 
resistance to the fungus Phytopthora. On some 
heavy, welldrained soils the writer has seen 
Valencia trees on trifoliata stock 30 to 40 
years old that produced 10 to 15 bushels of 
fruit per tree, but this production was excep- 
tional and not usual. The root system of the 
trifoliata stock has been observed as being 
very vigorous. There are orange trees over 50 
years of age on this stock which are still very 
healthy. Trifoliata stock has been observed in 
nurseries growing alongside rough lemon and 
proving just as vigorous if not more so. On a 
rootstock experiment 25-year old Valencia 
oranges on trifoliata stock were producing 
more fruit with better quality than rough 
lemon stock. The nurseries have such a de- 
mand for trifoliata stock that it is impossible 
to fill all the orders. Some selection and sep- 
aration of strains have started recently. 
Tree and Fruit 

Tree vigor in general is very poon; this may 
be due to the lack of proper nutritional treat- 
ment since the war, but the impression gained 
was that the vigor was always poor. Trees are 
small for their age as compared with Florida; 
a 20-year old orange tree 8 to 12 feet high 
has an average production of 2 to 4 bushels 
per year. Leaves are small, usually narrow, 
sharp or pointed with a slight curl, mostly 
growing in an upright position. Older trees 
are usually thin of foliage with much dead 
wood and are poor producers. The fruit is 
small in size with a fairly thick peel. Color 
is mostly fair with texture very variable, 
tending to be rough. There is a tendency for 
the fruit to be borne on the outside of the 
tree as the inside is kept pruned out. 

Nutrition and Soils 

Zinc and Manganese: Trees in most groves 
had evidence of zinc and/or manganese de- 
ficiencies. A few growers have used zinc and 


manganese sprays but practically all the trees 
appeared to be in need of them. Evidence of 
deficiencies which would be considered heavy 
in Florida were not considered serious enough 
to need a corrective treatment, much less a 
maintenance program. There is still a great 
concern over the increase of scale from the 
use of these sprays. Zinc and manganese de- 
ficiencies were noted on all soils and in all dis- 
tricts. Lemon trees are showing severe symp- 
toms of manganese deficiencies and most 
growers are using manganese sprays when at- 
tainable. 

Magnesium: Magnesium deficiency was 
noted in a few instances but not generally. 
Strikingly enough, it was most evident on 5- 
to 7-year old orange trees. In a few instances 
it was noted on larger trees. As the grapefruit 
is of the seedless type and production is not 
heavy this deficiency has not been noted on 
grapefruit. Applications of dolomite have been 
the main source of furnishing magnesium to 
the trees. Other materials containing soluble 
magnesium have not been in general use. In 
a great many trials the application of mag- 
nesium either in dolomite or as a soluble mag- 
nesium has given no results. Several tons of 
dolomite are required to make any noticeable 
change in the pH. Plots and groves have been 
observed on which 4 tons of dolomite per acre 
had been applied in the past several years and 
the pH was still around 5.0. Evidently these 
soils are more highly buffered than the Florida 
soils. Little change can be expected from the 
application of only one ton of dolomite. The 
magnesium content of this material usually 
ranges lower than that used in Florida, even 
as low as 10 per cent magnesium carbonate. 
It has been reported that in some of the san- 
dier type soils there is a definite, but not seri- 
ous, magnesium deficiency. 

Copper: Copper deficiency was noted on 
most young trees and on many trees in the 
older groves. Since copper is extensively used 
in control of the Black Spot, one would not 
expect this deficiency to be as pronounced as 
it is. Heavy soil applications of copper sulfate 
have failed to give any effective control. This 
deficiency is usually found on the sandier type 
soils with a low pH. 
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Chlorotic condition in Marsh grapefruit: A 
condition affecting Marsh seedless grapefruit 
thas become somewhat serious, especially on 
the sandy soil types. The young trees make a 
good growth but as they become older an en- 
tire tree or only a limb of one tree will pro- 
duce very small leaves with apparent zinc- 
manganese deficiency with a tip burn and non- 
development of fruit which remains so small 
that 8 or 10 can be held in the hand with ease. 
These remain green for a longer period than 
usual but finally color. The peel is very thick 
with practically no development of the juice 

acs. Gum pockets have been reported as be- 
ing in this fruit but were never observed by 
the writer. These trees have been treated with 
zine, copper, manganese, iron and boron with 
no response from any element. Nitrogen has 
been used, dolomite and lime have been used, 
but to date the problem is unsolved. This con- 
dition usually appears in the sandy type soil 
with a pH below 5.5. It is not general in any 
one orchard, maybe only a few trees affected. 
On trees where only one limb is affected the 
rest of the tree bears normal fruit. 

Fertilizers 

There appears to be no special fertilizer or 
nutritional program. For the greater part 
sheep manure is used, 100 to 300 pounds per 
tree per application per year, together with 
200 to 600 pounds of sulfate of ammonia per 
acre per year in one or two applications. Some 
mixed fertilizers are used, but not always, 
much depending upon the salesman and in- 
dividual growers. This may be applied at the 
rate of a kerosene tin per four or five trees 
(8 to 12 pounds per tree) or in some like 
manner. Analysis of a mixed fertilizer called 
the “Big Three” is as follows: 

Nitrogen 7.0 


Sulfate of Ammonia 4.75 
Blood, Bone, Offal 2.25 
Phosphorus 11.5 
Water soluble 4.5 
Citric Acid soluble 3.5 
Insoluble 3.5 
Potassium 6.0 
Muriate of Potash 6.0 


At times a separate application of Castor 


Pomace is made. Mixed fertilizers do not carry 
the minor elements nor the organic nitrogen 
derivitives. Applications are all made by hand 
usually spreading in the checks only; however, 
recently there has been a tendency to spread 
fertilizer under the trees and it is believed 
more efficient utilization has been noted. 

One grower’s fertilizer program was: 2 to 
4 pounds sulfate of ammonia and 12 pounds 
blood and bone per tree twice yearly, plus 
about 475 pounds of sheep manure per tree 
every third year. He was producing about 2% 
bushels per tree on 20-year old orange trees. 

Another grower was using 10 to 12 pounds 
sulfate of ammonia per tree per year, plus 
2% tons (5,600 pounds) of sheep manure per 
acre per year. Sulfate of ammonia costs ap- 
proximately $80 to $85 per ton and sheep 
manure $3.50 per ton. 

Several fertilizer experimental blocks were 
visited, one in the Coastal district on which 
treatment for nitrogen was being carried out 
on some 25-year old Valencias on rough lemon 
stock and on a sandy type soil with a pH of 
5.0 to 5.5. One plot received 100 pounds sheep 
manure per tree per year, analyzing 1 per 
cent nitrogen, the second received one pound 
nitrogen per tree from blood and bone, and 
the third received one pound nitrogen per 
year from sulfate of ammonia. All treatments 
appeared to provide sufficient nitrogen, as 
the addition of 1, 2 or 3 pounds nitrogen in- 
dicated no response. Dolomite applied across 
these plots improved the tree vigor and re- 
duced chlorotic leaf conditions. These trees 
all showed a zine and manganese deficiency 
which appeared to be serious enough to be 
the limiting factor rather than nitrogen. 

Some observations on a nitrogen-phosphor- 
ous-potassium experiment at the Griffith Ex- 
periment Station were: 

(1) The no nitrogen plot was in very good 
condition with no deficiencies indicated. 

(2) The plot receiving only nitrogen was 
very green with fruit texture slightly coarse 
and zinc deficiency indicated 

(3) The plot receiving only superphosphate 
(7 pounds per tree applied in a band around 
the tree) had a light zine deficiency indi- 
cated. 
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(4) The plot receiving only potassium indi- 
cated a light zine deficiency. 

(5) The plot receiving nitrogen and phos- 
phate indicated a very heavy zine deficiency 
which two applications of a 10-5-100 zinc-lime 
spray had not corrected. 

Fertilizer is from one-third to one-half of 
the total cost of production. Superphosphate 
is often applied, not particularly for its value 
to the trees but for the value to the cover 
crops. There seems to be Little indication that 
these soils are in need of phosphorus or potas- 
sium, as the applications of phosphate and 
potassium have failed to give results showing 
any benefits derived from their use. 

Soil 

Soil is mostly of a heavy sandy loam or clay 
loam a foot or so deep and underlain with bed 
rock, shale or marl which makes drainage very 
poor. Some so:ls on bed rock are only 6 inches 
thick but good citrus is being produced on 
these. A few groves are on a sandy type soil 
and are doing very well. There is a tendency 
for the use of dolomite and lime to correct 
the pH of the soils, but no regular check is 
made on the change of the pH. 

Fresh top soil is often hauled in and spread 
around the trees or over the entire ground 
surface from one to four inches thick. This 
apparently gives the trees new and added 
vigor which no doubt could be obtained 
through proper nutritional treatments. Many 
trees are planted on hillsides which naturally 
tend to erode. On these plantings the soil 
washes away from lower side of the trees 
exposing the roots. Here it is necessary to con- 
tinually haul in new soil to replace that which 
has washed away. 

Cultivation 

Cultivation in general is deep and intensive 
but in the past few years growers are begin- 
ning to use shallower and less intensive meth- 
ods. The common equipment used includes 
discs, moldboard plows, springtooth harrows 
and a rotary hoe. Those growers who use in- 
tensive cultural methods do so to keep the 
soil well pulverized and clean of vegetation 
during the summer months in an attempt to 
conserve moisture. Tractors are beginning to 


make their appearance but generally draft 
horses are used to pull equipment. 
Pruning 

Pruning is not extensively practiced unless 
drastic treatments are made. When pruning 
operations are carried on, the center of the 
tree is kept clean of bearing wood. Trees are 
seldom raised off the ground. Most trees are 
carrying a great deal of dead wood but even 
though melanose is present the continued use 
of copper for blackspot control prevents mela- 
nose damage. Old trees which are losing foli- 
age and will not bear fruit, trees that have 
been injured from sprays, usually bordeaux, 
or trees injured from melanose and white 
louse are pruned in a manner known as “‘skel- 
tonizing.”’ In August or September live wood 
is cut back to about one-half inch and all short 
twigs and leaves are removed without altering 
the frame structure of the tree. About a year 
previously these trees are well fertilized, 
usually with sheep manure to make them as 
healthy as possible. At the time the trees are 
cut back there is little danger of sun scald and 
no whitewash is used. These trees are not 
thinned until the second year after “skelton- 
izing.’’ Often a good crop of fruit is produced 
the second year after cutting back. Trees in 
their fifth or sixth year iooked very healthy 
and vigorous while those that were not “skel- 
tonized” remained thin and unhealthy. There 
is a loss of a year’s production but this is made 
up in the subsequent years as compared to the 
yield from untreated trees. Zinc and man- 
canese deficiency symptoms are common on 
the foliage put out by these trees. 

Disease 

Phytophthora: Probably the most serious 
disease to contend with is Phytophthora pres- 
ent in both the Coastal and Irrigation areas, 
especially the latter. Rough lemon rootstock is 
used extensively in both of these areas and is 
very susceptible to Phytophthora. Several 
thousand acres have been destroyed by this 
disease. The heavy sandy loams and clay loams 
and poor drainage combine to make Phytoph- 
thora a most serious disease to combat. The 
winter rains, plus uncontrolled and improperly 
timed irrigation, cause waterlogging of the 
soils for periods of 3 to 5 months with the re- 
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sultant root injury naturally predisposing a 
tree to the attack of fungus spores. Phytoph- 
thora is present in all the soils and its opti- 
minum period is during the winter and spring 
months when the tree is weak from the effects 
of the long period of waterlogging. All va- 
rievies are attacked. oranges, grapefruit and 
lemons. Trees soon lose their vigor, become 
thinly foliated and put out stunted growth. 
Considerable work has been carried out to 
remedy this situation but the complexity of 
it makes remedial measures almost impossible. 
Proper drainage and controlled irrigation have 
given the best preventive measures, while the 
best control measure is the use of Phytoph- 
thora resistant rootstock such as trifoliata. To 
date this rootstock has proven resistant to in- 
oculations of Phytophthora and promises to 
be of great aid to the citrus industry. Other 
controls and remedies have been attempted 
with no results. It has been found that Phy- 
tophthora is less virulent at pH 5.5 but not 
enough to be of benefit to the grower on con- 
trolling Phytophthora. 

Black Spot: Another disease which is serious 
in the Coastal section and sometimes in the 
Irrigation area is Black Spot of oranges. This 
disease not only causes the fruit to drop but 
also throws it out of grade. Only fruit on older 
orange trees are attacked; young trees and 
“skeltonized” trees are not affected. The 
spores of the fungus spend the winter on 
leaves in pycnidia, then when the leaves fall 
in the spring, complete their life cycle and 
reinfect the fruit. It is not definite when the 
incipient stage occurs, but the worst infection 
period is up to 10 to 12 weeks after blossom 
(Nov. and Dec.) followed by a relatively re- 
sistant period. The spots do not show up on 
young green fruit, but wait until it ripens and 
colors; the longer the fruit remains on the 
tree the more serious the spotting appears. 
Three to four applications of 1% to 2 pounds 
copper sulfate to 80 imperial gallons of water 
is used for control. If 3 sprays are used they 
are timed for petal fall, 6 weeks and 12 weeks; 
if 4 sprays are used they are timed for petal 
fall, 4 weeks, 8 weeks and 12 weeks. Other 
sprays are worked in with this copper pro- 
gram. Trees are usually sprayed only on the 


outside. It is common practice to mix oil with 
the copper sprays for scale control and most 
copper sprays have a little oil mixed in them 
to act as a spreader. 

Melanose: Melanose is not considered seri- 
ous and only occasionally will a copper spray 
be applied in the Coastal area on grapefruit 
for control. 

Scab: On lemons a dormant spray of bor- 
deaux is used for the control of lemon scab, 
This disease seldom attacks other citrus. 

Insects 

Scale: In the lowlands along the coast pur- 
ple scale is the most serious and most preval- 
ent, while upon the higher lands of the Coastal 
area and also the Irrigation area, California 
red and white wax scales are the most serious. 
Fumigation or a 2 per cent oil spray is used 
for control. White oils of 80 per cent emulsion 
are replacing red oils because red oils are re- 
ported as giving burns. There is some thought 
that the control has not been as good with 
white oils as with red oils. The gallonage used 
per tree varies a great deal but in no case 
would it be over one-half the amount used in 
Florida on the same size tree. Oils cost about 
3 shillings (50c) per gallon and fumigation 
approximately 50c per tree. 

Queensland Fruit Fly: The Queensland 
Fruit Fly (Strumedia tryone) is a serious pest 
which destroys over-ripe fruit, oranges and 
grapefruit. Fruit inspectors are appointed to 
see that fruit is picked up from the ground 
and that all fruit is removed from the trees. 
The fruit of the loquat trees serves as a host 
for this fly. Baits of tartar emetic and sodium 
fluosilicate are used as controls. 

Other Insects: For control of white louse, 
which attacks the trunk and limbs, a 1-10 dor- 
mant lime-sulfur spray is used. Bud mite 
which is not serious is also controlled with 
lime-sulfur. Rust mite is never serious, not 
requiring any special attention but occasion- 
ally a lime-sulfur is used for control. Care 
must be used not to apply copper and lime- 
sulfur sprays too close together. Citrus aphids 
are sometimes serious on young trees and are 
controlled by nicotine sulfate sprays. 

Spray equipment is very old and slow. Most 
equipment consists of a horse-drawn single- 
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axle cart with a 100-gallon tank, powered by 
a single stroke, 2 to 4 h. p. engine requiring 
from 30 to 60 minutes to empty a tank. A 
single or double nozzle bamboo spray rod is 
used. Some of the newer equipment has a 200- 
gallon tank with a larger pump which makes 
possible the use of guns and brooms. 
Cost 

It was very difficult to ascertain the cost 
of production but approximations ranged from 
$150 to $200 per acre (around 70c per bushel 
to produce). One grower reported irrigation 
and cultivation at $50, fertilizer $32, fumiga- 
tion $39, pruning, interest, etc. $25 to $30 
Most growers reported higher costs than these. 
[Production was reported as from one bushel 
to 8 bushels per tree or from 100 to 800 bush- 
els per acre. Prewar prices average from 80 
to 85 cents per bushel for Navels and $1.00 
to $1.05 per bushel for Valencias. In 1942 
prices were around $3.50 per bushel or from 
$125 to $150 per ton. At the same time can- 
ning plants were paying $65 per ton for 
oranges. From one-fourth to one-half of the 
orange crop and almost all of the grapefruit 
crop was “frozen” by the Government for 
canning and Army use. 


Packing House and Canning Plants 

It has been the general practice for each 
grower to pick his own fruit, pack it and send 
it to the nearest market. In the past few years 
a few packing houses have been built to han- 
dle the growers’ fruit. The equipment in these 
houses is not of the latest designs and some- 
what slow. Houses are not planned on the ef- 
ficient scale that they are here. Probably the 
largest capacity would be one car per day 
In many houses the fruit is not washed, only 
brushed to remove dust and loose scale, while 
in others it is washed in water without any 
soap, then run over brushes, rinsed and then 
steam dried. The fruit is then graded into 
standard and plain grades, sized and packed. 
Color and blemish requirements do not reach 
our standard. Wrapping is optional, usually 
not done. The average size is 150 per bushel— 
vhich would be between 226 to 250 our size. 
Their size 180 brings the best price. 

Picking and hauling of fruit is usually car- 


ried on by the owner. Fruit is picked for sizes, 
necessitating 2 to 3 pickings, with the grower 
hauling it to the packing houses in lots as 
small as 10 to 15 boxes and seldom over 100 
boxes. The houses do not have their picking 
crews to pick the fruit or trucks to haul with. 
Neither do they have regular field boxes. Most 
anything is used to pick fruit in. Fruit is 
packed mostly in bushel crates and sent to the 
markets. Often the fruit is on the market and 
sold within a week after it has been picked, 
consequently they have very little trouble with 
decay. However, if the fruit is held for any 
length of time, stem-end rot becomes very 
serious. 

Some houses have coloring rooms which are 
used mostly for lemons and occasionally Navel 
oranges. 

Prior to the war citrus fruit juices were 
used only in the manufacturing of cordials 
which carried some preservative such as 
sulfur dioxide. There has never been a de- 
mand for the canned fresh juice, as the Aus- 
trailians would rather have beer or tea. Soon 
after the arrival of the U.S. Army in Aus- 
traliairesh juice and not cordials was de- 
manded. Several plants were designed by the 
U. S. Army Food technicians and soon the 
Australians were manufacturing and canning 
citrus juices under our supervison. An orange- 
grapefruit blend was used to a great extent 
because we had to use Navel oranges which 
gave a bitter taste, but when blended with 
grapefruit this bitterness was somewhat 
masked. Valencia orange juice was usually 
eanned as straight Valencia juice, with the 
exception that it was used to some extent 
to mask the bitterness of grapefruit juice. 
No sections or salads were canned. 

Improvised equipment was used during the 
first part of the war but in the latter part 
some Lend-Lease machinery was being ob- 
tained, although not any of the more modern 
and efficient equipment. Most juice extrac- 
tion was done by hand on revolving burrs. 
Some plants had equipment which first 
rumbled the fruit to puncture the oil cells 
in the peeling and then used an extractor 
which halved and quartered the fruit and 
pressed out the juice. In all cases the juice 
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was deaerated under 28 inches vacuum and 
flash pasteurized at 190 to 200 degrees F., 
cooled and filled into cans at a temperature 
of 185 degrees F . C-enamel cans were used 
at first but later plain cans were used because 
the high acidity and high amounts of peel oil 
in the juice caused the enamel to peel off. 

One lot of grapefruit was tested just prior 
to canning and the following results were 
obtained: Brix 12 degrees, acidity 3.8 per- 
cent, ratio 3.16 to 1; when sweetened with 
sugar to a Brix of 15.5 degrees it had a ratio 
of 4.5 to 1 and it was too bitter to drink. An 
analysis was made of some Washington Navel 
oranges September 15, 1943, which is the lat- 
ter part of the season, with the following 
results: Brix 12.59 degrees, acidity 1.14 per- 
cent, ratio 10.85 to 1, pulp of juice 12 percent 
and 75 gallons of juice per 2000 pounds of 
fruit. Oranges analyzed from 30 to 50 mg. 
of ascorbic acid per 100 ml. of juice 

Refuse or waste from citrus canning plants 
was usually thrown away, except in a few 
plants which converted orange waste into 
marmalades. A few plants had equipment for 


recovery of peel oil. By-products such as 
feeds, alcohol, molasses, etc. were not in- 
cluded in the canning program. 

In conclusion it can be said that unfortu- 
nately Australia is in an unfavorable position 
for her citrus industry due to the following 
reasons: (1) lack of efficient rail transporta- 
tion within her borders, (2) her home con- 
sumption limited by the 6% million popula- 
tion in an area almost as large as the U. S. 
with little prospect of increased population 
from heavy immigration, (3) restricted ex- 
port trade as Australia is a long distance from 
world markets and transportation to these 
would make the price to the consumer too 
high for competition, and (4) the high cost 
of production per unit, with the attitude of 
the trade unions there making competitive 
selling almost impractical. It can also be said 
that some of the leaders: of the industry and 
research workers are united in a movement 
to better educate the grower to the applica- 
tion of scientific work in an attempt to raise 
production and lower cost per unit through 
more efficient methods. This I hope succeeds. 
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ROOTSTOCKS 


E. M. SAVAGE, WILLIAM C. COOPER and R. B. PIPER 
Division of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Industry, Soils and Agricultural Engineering, 

U. S. Dept. of Agriculture, Orlando 


INTRODUCTION 

Fifteen species and varieties of citrus are 
now being tested by this station for their value 
as rootstocks for oranges, grapefruit, and 
tangerines. These rootstocks include seedlings 
of the common sour orange, bittersweet 
orange, Pineapple sweet orange, Parson 
Brown sweet orange, rough lemon, Duncan 
grapefruit, Bowen grapefruit, trifoliate or- 
ange, Cleopatra mandarin, Suen Kat man- 


darin, Morton citrange, Rusk citrange, sweet 
lime, calamondin, and yuzu (kansu). This 
paper presents results of a study of the root 
systems of these various stocks. 

The rootstocks were grown in the nursery 
at the experimental farm near Orlando. The 
soil in this nursery is classed as Norfolk fine 
sand. The seed were planted in January 
1939, and transplanted to the rootstock nur- 
sery in November of the same year. The 
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plants were spaced 1 foot apart in rows 3 feet 
apart. They were budded with orange, grape- 
fruit, and tangerine varieties in May 1941. 
The main rootstock plantings were planted 
out at field spacing in 1942 and 1943. There 
were, however, a number of the budded root- 
stocks left undisturbed in the original nur- 
sery, and it was with these that the present 
investigation on root systems was made. 

The root systems of the stocks were ex- 
cavated and photographed in January 1945, 
six years after planting the seed and nearly 
four years after budding. Inasmuch as this 
investigation is concerned primarily with the 
comparative character of the root systems 
of the various stocks rather than with pos- 
sible effects of the scion variety on the roots, 
the trees selected for study were all budded 
to one scion variety, namely, Parson Brown 
orange. However, with one rootstock, the 
Morton citrange, root systems of trees budded 
to Duncan grapefruit and to Dancy tangerine 
were also excavated and photographed in 
order to determine with this one stock if there 
were any striking scion effects on the char- 
acter of the roots. 

The stocks, having grown at close spacing 
for six years, had their root systems fairly 
well mingled with the adjoining plants, and 
it was a slow, tedious task to extract the roots 
intact. It was frequently necessary to uproot 
several adjoining trees in order to remove 
the entire root system of a desired plant. 
Because of these difficulties and because it 
had been observed in digging the large num- 
ber of trees for field planting that the various 
trees on any one stock had remarkably uni- 
form root systems, only two trees of each 
stock were carefully excavated for detailed 
study. It is believed that the photographs 
shown are typical for these rootstocks under 
the conditions of these experiments. 

RESULTS AND DISCUSSION 

In studying the results presented in figures 
1 to 17, inclusive, it should be kept in mind 
that the trees under observation are young, 
and the depth of penetration and spread of 
the root system are considerably less than 
that which undoubtedly occurs in mature 


bearing trees. Also, as is obvious from the 
photographs, the ends of many of the roots 
were clipped on excavation of the tree from 
the soil. It was almost impossible to obtain 
every root of the plant intact. Accordingly, 
when a depth of 4 feet and a spread of 5 feet 
are observed in the photograph it is quite 
possible that the actual depth and spread 
were slightly greater. The photographs show 
clearly whenever the roots were clipped and 
the results can be interpreted accordingly. 

When taking the photographs, all plants 
were placed the same distance from the 
camera. A measuring stick marked in one 
foot intervals was placed at the side and top 
of each plant. 

Sour Orange (Citrus aurantium L.), Figs. 
A landA 2. 

This stock, which is widely used in Florida, 
is frequently characterized as _ possessing 
abundant and deeply penetrating roots. The 
photographs of this variety show three or 
more well-developed central tap roots pene- 
trating 3 to 4 feet deep in the soil. There 
were numerous relatively small and delicate 
lateral roots, particularly in the upper foot 
of soil. Some of these had a _ horizontal 
spread of 5 feet from the trunk to end of 
root. These laterals were well supplied with 
many fine, fibrous roots. 

Bittersweet Orange (possibly sour orange 
hybrid, Swingle), Figs. B 1 and B 2. 

The root system of the bittersweet differed 
mainly from that of the regular sour orange 
in raving fewer laterals and very few fine 
fibrous roots. The central or tap roots were 
more vigorous and penetrated slightly deeper 
than the regular sour orange. 

Sweet Orange (Citrus sinensis 
Figs. C 1, C2,D1 and D 2. 

The root systems of both Pineapple and 
Parson Brown sweet orange seedlings, which 
were very similar in character, showed well 
developed central roots, usually two, which 
penetrated the soil to about the same depth 
(3 to 4 feet), as the sour orange. There were 
numerous small lateral roots over the full 
length of the tap roots. The laterals in the 
upper foot were not so long as those of the 
sour orange. There was an abundance of 
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fibrous roots, particularly in the upper foot 
of soil. 

These observations are not in agreement 
with Mills’ (1) observations that in California 
the sweet orange has a shallow root system. 
The results are more in agreement with 
Hume’s (2) statement that the roots of sweet 
stock are equal in development to the deep- 
rooted sour orange stock. Oppenheimer (3), 
likewise, reports that the sweet orange is 
deep-rooted in the sandy soils of Palestine. 

Rough Lemon (possibly lemon-citron hy- 
brid, Webber), Figs. E 1 and E 2. 

This stock, which grows so well on the light 
sandy soils of central Florida, had the most 
vigorous root system of all fifteen stocks un- 
der test and appeared to be well adapted, by 
virtue of its root spread, for securing water 
and nutrients from such soils. The stock was 
characterized by its exceptionally large lateral 
roots which had a horizontal spread of 5 or 
more feet from tree trunk to end of root. 
The central tap roots penetrated vertically 
into the soil as deeply as did the sour orange 
tap roots. The lateral roots of the rough 
lemon had many fine fibrous roots, but they 
were not so abundant around the crown of 
the plant as were those of the sour and sweet 
oranges. 

Grapefruit (Citrus paradisi Macf.), Figs. F 
1, F 2, G1, and G 2. 

The root systems of both the Duncan and 
the Bowen grapefruit seedlings were char- 
acterized by their abundance of fibrous roots 
and paucity of vigorous laterals. They had 
two or more large, moderately penetrating 
(approximately 3 feet) tap roots which were 
practically hidden from view by a thick mass 
of fine fibrous roots for a full three-foot depth. 
There were numerous small delicate lateral 
roots in this mass of fibrous roots, and they 
tended to descend obliquely through the soil. 

This abundance of fibrous roots in grape- 
fruit confirms both Mills’ (1) and Oppen- 
heimer’s (3) observations on grapefruit in 
California and in Palestine, respectively. 

Trifoliate Orange (Poncirus_ trifoliata 
Raf.), Figs. H. 1 and 2. 

The trifoliate orange is the most cold-hardy 
of all stocks commonly used for citrus. It 


dwarfs the top of most varieties worked upon 
it. Its root system, with Parson Brown sweet 
orange worked on it, was of fair vigor even 
though the growth of the top was dwarfed. 
It had deeply penetrating central roots and 
numerous laterals with abundant fibrous roots 
in the upper 1% feet of the soil. The root 
system was similar to that of the sour orange 
except it had a smaller spread of the laterals. 
Cleopatra or Ponki Mandarin (Citrus reticu- 
lata Blanco), Figs. I 1 and 2. 

The Cleopatra mandarin has received some 
attention as a possible substitute for rough 
lemon rootstock, on the assumption that it 
is more cold-resistant and produces better- 
quality fruit. It had a cone-shaped root 
system with well developed central roots pene- 
trating vertically 4 feet or more into the soil. 
The long, fine-textured lateral roots in the 
upper 2 feet of soil were well supplied with 
fibrous roots. In general it did not differ 
greatly from the root system of the sour 
orange except that its tap root was straight, 
slightly longer, and less divided. 

Another variety of mandarin, called Suen 
Kat (Citrus reticulata var. austera Swing.) 
thas also been studied and its root system ap- 
peared to be identical with that of the Cleo- 
patra. 

Citrange (Poncirus trifoliataxCitrus sinen- 
sis hybrid), Figs. J 1, J 2, K 1, K 2, L 1 and 
L 2. 

The citranges appear to be worthy of more 
attention as rootstocks than they have received 
in the past. From their Poncirus trifoliata 
parent they have inherited a marked degree 
of cold hardiness and induce in scion varieties 
budded on them at least some degree of this 
resistance. Unlike trifoliata, which is a dwarf 
grower, the citranges exhibit unusual vigor 
and produce vigorous budded trees. 

The root systems of the Morton citrange 
with Parson Brown orange, Duncan grape- 
fruit, and Dancy tangerine scions are illus- 
trated in figures J to L. There appeared to 
be no marked difference in the character of 
the roots with the three scion varieties. The 
tap root, in most instances, was divided into 
several roots which, instead of penetrating 
the soil vertically, as was the case with most 


of the other stocks. tended to fan out and 
descend obliquely. They penetrated the soil 
for about 3 feet. The lateral roots were sim- 
ilar to those of the sour orange. In general 
they showed a tendency to descend obliquely 
in the soil rather than horizontally and were 
well supplied with fine fibrous roots. 

The root system of the Rusk citrange was 
found to be similar to that of the Morton 
except that it had fewer fibrous roots. 

Sweet Lime (possible lime x lemon hybrid, 
Webber), Figs. M 1. and M 2. 

The sweet lime, sometimes referred to as 
the sweet lemon, is the principal rootstock 
used for citrus in Palestine. The vigor of the 
growth of Parson Brown tops obtained on 
this stock exceeded that on rough lemon. The 
root system is composed of many slender 
laterals covered with a mass of fine fibrous 
roots. This stock developed no tap root. The 
abundant fibrous root system, however, pene- 
trated three or more feet deep and had a 
spread of about 2 feet from the trunk. This 
root system resembled the grapefruit some- 
what in its abundance of fibrous roots. The 
grapefruit, however, had a pronounced tap 
root, while the sweet lime had none. 

Cuban Shaddock (possibly lime x lemon hy- 
brid, Webber), Fig. P. 

This variety is highly recommended in Cuba 
as a stock for the Washington Navel orange 
and reputedly grows well on saline soils. 

The top growth produced by the Parson 
Brown scion grafted on this stock, as on the 
sweet lime, greatly exceeded that on the rough 
lemon. The root system, however, was almost 
identical in character with that of the rough 
lemon, except that it was supplied with more 
fine fibrous roots. 

Calamondin (possibly Citrus reticulata var. 
austera x Fortunella hybrid, Swingle), Figs. 
N 1 and N 2. 

The calamondin is reputedly cold-resistant 
and has been mentioned as a promising stock 
for the lime in Texas. The outstanding char- 
acteristic of the root system of the calamon- 
din was the group of vigorous central roots, 
usually 4 or more, which grew vertically down 
to considerable depth. Under the conditions 
of these experiments it had the most deeply 
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penetrating tap root system of the varieties 
tested. The marked tendency of the roots to 
grow downward was even expressed in the 
lateral roots which sometimes changed their 
horizontal direction and turned downward. 

Yuzu (possibly Citrus ichangensis x Citrus 
reticulata var. austera hybrid, Swingle), Figs. 
O 1 and O 2. 

The yuzu, sometimes called kansu, has been 
used widely in Japan as a hardy stock for the 
satsuma, and it is also the stock on which, in 
Japan, Thompson navel orange succeeds best. 
The root system was the smallest of the 
fifteen stocks tested. It penetrated the soil 
deeply but there was a scarcity of laterals 
and, what few there were appeared to grow 
mainly in a vertical rather than horizontal 
direction. It produced less top growth of the 
Parson Brown scion than any of the other 
stocks tested. 

Sweet Orange Cuttings, Fig. Q. 

All of the root systems described above 
were derived from seedlings of the rootstock 
varieties. This is the common method of 
propagating citrus rootstocks. Many varie- 
ties of citrus, however, can be readily propa- 
gated from cuttings with the aid of growth 
substances (Cooper 4). The roots on cuttings 
of the Pineapple sweet orange after six years’ 
growth in the nursery are shown in figure Q 
and may be compared to roots of seedlings, 
figures C 1 and C 2. It is seen that while the 
seedling roots penetrated deeply into the soil, 
the cuttings had a shallow root system with- 
out a tap root. The root system of the cut- 
ting consisted of about 10 long, vigorous 
lateral roots which did not penetrate the soil 
any more deeply than about 2 to 3 feet. As 
a matter of speculation, the seedling root 
system would, therefore, appear better 
adapted for foraging for water in the deeper 
layers of light sandy soil than would the 
roots from cuttings. The vigorous, shallow 
root system of the cuttings might be adapted 
to the moist hammock or shallow flatwood 
soils. 

Summary 

The root systems of 15 different citrus root- 
stocks budded to Parson Brown sweet orange 
have been excavated, photographed, and de- 
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scribed. Many striking differences in the 
character of the root systems of the various 
varieties were observed. The rough lemon 
and Cuban shaddock tad the most extensive 
root systems, the calamondin the deepest, and 
the sweet lime and grapefruit the greatest 
abundance of fine fibrous roots. All stocks 
had more or less deeply penetrating tap roots 
except the sweet lime. The root systems of 
the bittersweet orange, sweet orange, man- 
darin, and citrange penetrated approximately 
as deeply and had nearly the same lateral 


spread as the root system of the sour orange. 
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THE FREEZING PRESERVATION OF 
CITRUS HEARTS 


A. L. STAHL 


Florida Agricultural Experiment Station, Gainesville 


The characteristics and nutritional values 
of fresh foods are more nearly preserved by 
freezing than by any other method of preser- 
vation. The bright natural colors are retained 
that are destroyed under high temperatures 
necessary for canning. In texture and flavor, 
also, the frozen foods are very similar to the 
fresh, for freezing preserves the crisp, firm 
texture, the mild, pleasing flavors and most 
of the nutritive value of the fresh products. 

Citrus fruits when heated lose their flavor, 
texture and nutritive value, more so than do 
most other fruits. Cooking does not change 
the taste of most fruits as much as it does 
citrus. Most cooked fruits have a pleasant 
taste and the taste of some are even improved 
by cooking but any heat used on citrus fruits 
detracts from the appearance and flavor ma- 
terially. We have therefore looked for other 
means of preserving citrus hearts than can- 
ning and have found freezing to be ideal for 
the preservation of flavor, texture, appearance 
and quality of all types and varieties of citrus. 

For the past several years we have been 
investigating methods and procedures by 
which citrus hearts could be successfully pre- 


served by freezing. 
of these tests. 
Freezing Grapefruit Hearts 

The work on grapefruit freezing was started 
several years ago and the effects of various 
things were determined, namely, variety, 
method of preparation, syrup concentration, 
deaeration, inert gases, anti-oxidants, temper- 
ature, storage temperature and packaging. 

Various varieties of mature grapefruit were 
tried and comparisons made as to their suit- 
ability for frozen hearts. Taste, color, tex- 
ture, quality, acidity, appearance and Vita- 
min C were determined at intervals over a 
period of 12 months, the test being made di- 
rectly upon thawing. 

Silver Cluster, Duncan, Excelsior, Florida 
Common, Marsh (Seedless) and Thompson 
(Pink) were tried, and their value for freez- 
ing as hearts was found to be in the order 
named above. All of the seedy varieties were 
far superior to the seedless varieties, the only 
disadvantage being the labor of removing the 
seeds. 

Several methods of preparation of the 
hearts were compared as to the effect on the 
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Plate I. Root systems of various citrus rootstocks 


Figures A 1 and A 2. Sour orange seedlings budded with Parson Brown orange. 

Figures B 1 and B 2. Bittersweet orange seedlings budded with Parson Brown 
orange. 

Figures C 1 and C 2. Pineapple sweet orange seedlings budded with Parson Brown 
orange. 
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Plate II. Root systems of various citrus rootstocks 


Figures D 1 and D 2. Parson Brown sweet orange seedlings budded with Parson 
Brown orange. 
Figures E 1 and E 2. Rough lemon seedlings budded with Parson Brown orange. 
Figures F 1 and F 2. Duncan grapefruit seedlings budded with Parson Brown 
orange. 
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Plate III. Root systems of various citrus rootstocks 


Figures G 1 and G 2. Bowen grapefruit seedlings budded with Parson Brown 
orange. 

Figures H 1 and H 2. Trifoliate orange seedlings budded with Parson Brown 
orange. 

Figures I 1 and I 2. Cleopatra mandarin seedlings pudded with Parson Brown 
orange. 
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Plate IV. Root systems of various citrus rootstocks. 


Figures J 1 and J 2. Morton Citrange seedlings budded with Parson Brown 
orange. 

Figures K 1 and K 2. Morton Citrange seedlings budded with Duncan grapefruit. 

Figures L 1 and L 2. Morton Citrange seedlings budded with Dancy tangerine. 
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Plate V. Root systems of various citrus rootstocks 


Figures M 1 and M 2. Sweet lime seedlings budded with Parson Brown orange. 

Figures N 1 and N 2. Calamondin seedlings budded with Parson Brown orange. 

Figures O 1 and O 2. Yuzu (kansu) seedlings budded with Parson Brown 
orange. 
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Plate VI. Root systems of various citrus rootstocks 


Figure P. Cuban shaddock seedling budded with Parson Brown orange. 
Figure Q. Pineapple sweet orange cutting not budded. 
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frozen product. The common method of hot 
lye peeling and hand sectioning of grapefruit 
with the sections exposed to the air until 
packaged, which is used by the canners at 
the present time, was compared with a con- 
trolled method of using precooled fruit peeled 
either by hand or mechanically without the 
use of lye or hot water and sectioned by hand, 
hearts being immediately subjected to a slight 
vacuum and the vacuum broken with CO, 
gas. The fruit was packaged before it 
reached room temperature. 


In all cases the best samples were obtained 
using the second method. Heat was found 
to cause the oxidized flavor and darkening 
more readily than anything else. Removing 
the air from the heart and quickly placing it 
in an atmosphere free from oxygen was im- 
portant in obtaining a good frozen product. 

Samples of grapefruit hearts were prepared 
in dry pack and in their own juice and in 
various percentages of sugar syrups (sucrose), 
from 10 to 60%. The best results were 
obtained with the liquids as there was much 
less darkening and drying out in these samples 
than in those dry packed. The best samples 
were those which were deaerated completely 
and the vacuum released with the syrup, which 
would then penetrate the intercellular spaces 
and thus exclude all air from them. The 20 
to 30% syrup samples were preferred by 
most people but for best all around fresh fruit 
taste those hearts frozen in their own juice 
could not be beaten. When dextrose syrup 
was substituted wholly for sucrose the result 
was not good, as much crystallization of the 
sugar occurred, but a half dextrose and half 
sucrose syrup was very satisfactory. 


Deaeration proved to be very advantageous 
in the preparation of frozen hearts. No oxi- 
dation or darkening occurred in those samples 
that were deaerated. The best product was 
produced when the hearts were placed in 
vacuum directly after sectioning and the 
vacuum released with the medium (juice or 
sugar solution) and the whole mass deaerated 
just before packaging. A_ slight vacuum 
pulled on the can, jar or bag gave better pro- 
cucts than those not vacuumized before 
packaging either in the can, glass jar or cello- 


phane bag. From the results it could be con- 
cluded that deaeration is very important in 
putting up a first-class grapefruit heart 
product. 

Two inert gases were used in two different 
ways. Carbon dioxide and nitrogen gas were 
both bubbled through the finished product 
just before packaging as well as both being 
used to release the vacuum to which the hearts 
were subjected. Both gases proved beneficial 
and were equal in value. The nitrogen gas 
brought out all the fruity flavors of the fruit, 
accentuating all of the taste esters, while 
the slight carbonation of the CO2 gas covered 
up any off flavors that might be present. The 
method in which it was applied was not im- 
portant as good results were obtained by both 
methods. 

Several kinds of anti-oxidants were tried in 
several concentrations. Since the only one to 
show any advantages was ascorbic acid we 
will discuss the use of ascorbic acid in pre- 
venting oxidation and browning in some detail. 
The ascorbic acid treatment was applied to 
the raw sections of grapefruit during prep- 
aration for freezing or to the syrup or other 
solutions used on the frozen fruit. The 
treated sections could be kept exposed to the 
air at room temperature for several hours 
without any noticeable effect. The frozen 
product kept for over 14 months without 
darkening and after thawing these treated 
samples kept their color and flavor for several 
hours without noticeable change. To each 
500 grams of grapefruit hearts 0.1 gram of 
l-ascorbie acid was added by dissolving in the 
syrup or other solutions used on the fruit. 
Lower concentrations of ascorbic acid in sugar 
syrup were found to retard discoloration and 
aid in preventing off-taste but were not as 
effective as this higher concentration. The 
fruit hearts were also sprayed with or im- 
mersed in ascorbic acid solutions. These so- 
lutions were prepared by dissolving the oxi- 
dation-retarding material (ascorbic acid, in 
this case) in water, citric acid or sugar so- 
lutions, or in the citrus juice itself. Grapefruit 
hearts were soaked for 15 minutes in an 
aqueous solution containing 1 part of ]-ascor- 
bie acid in 150 parts of grapefruit juice. These 
were packaged dry pack without syrup and 
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after 10 months’ storage no discoloration 
showed up after thawing, even after several 
hours at room temperature. 

Ascorbic acid may also be applied in 
powdered form directly to the fruit. In this 
way it also proved effective in retarding dis- 
coloration and development of off-flavors by 
oxidation but was not so effective as when 
added in liquid form. If this process is used 
on large containers almost the entire amount 
of ascorbic acid should be thoroughly mixed 
with the top layer of fruit to a depth of 2 to 
8 inches. It is in this top layer that most 
oxidation takes place and more anti-oxidant 
is needed here than in that underneath where 
it is not as readily in contact with the air. 

Three different freezing temperatures were 
compared, 5°, -5° and -20° F. The best 
samples were found to be those quickly frozen 
at -20° F. but the differences were very slight. 
When thawed, those frozen more quickly stood 
up longer and had fewer broken cells than 
those more slowly frozen. Freezing tempera- 
ture, however, is not as important as some of 
the other factors, especially deaeration, in 
producing a good product. 

The samples were held at storage tempera- 
tures of 5° F. and -5° F. and very little differ- 
ence was detected. A few samples that were 
held at 20° F. did not hold up as well but 
took on an oxidized flavor after several 
months’ storage. The samples having a high 
syrup content did not freeze at 20° F. but 
were still syrupy. The results indicate that 
a storage temperature around 0° F. was much 
preferred over one around 15° to 20° F. 

It is very important, in order to have a very 
good frozen grapefruit heart product, to have 
a good moisture- and air-proof package. The 
best packages were found to be those which 
gave the best protection from drying out and 
from air. The glass cup, tin can, cellophane 
or pliofilm bag liner in a box, or the heavily 
waxed cardboard tub were found to be good 


packages in the order named. The glass cup 
and tin can were slightly more effective be- 
cause it was possible here to hold the fruit in 
vacuum, but a very good product was held for 
14 months in the other packages also without 
discoloration or off-flavors. The ordinary 
paper icecream container was satisfactory for 
holding the hearts without loss in quality for 
only two or three months, after which time 
excessive drying out and oxidation caused 
off-flavors, poor texture and discoloration. 
Freezing Orange Hearts 

The above procedure was repeated for sev- 
era varieties of both round oranges and man- 
darin oranges. Very good frozen Pineapple 
and Valencia orange hearts were obtained 
even after 14 months’ storage when similar 
procedures were used to those which gave 
good frozen grapefruit hearts. Parson Brown 
and Hamlin varieties gave only fair results. 
The orange hearts did not require as high a 
sugar solution as the grapefruit hearts and 
were best when packaged in their own juice. 

The frozen tangerine and Temple orange 
hearts were very good. One of the best 
products made was the frozen Temple hearts 
packaged in their own juice. The Temple 
and tangerine orange hearts were more easily 
prepared than the round orange hearts, in 
that they could be packaged without remov- 
ing the locular wall. 

Freezing Mixed Pack 

A very good frozen product was made by 
freezing half grapefruit and half orange 
hearts together. Another good combination 
was half Pineapple orange and half tangerine 
in various syrups. 

The above report on the results obtained 
in our investigation on freezing citrus hearts 
is very encouraging and shows that a good 
product can be obtained, thus giving the 
Florida citrus grower another way in which he 
can distribute and sell his crop and thus help 
in stabilizing the citrus industry. 
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CITRUS FRUIT PRODUCTS RESEARCH(1) 


M. K. VELDHUIS 
U. S. Citrus Products Station(2), Winter Haven 


The —" of reporting on the work of 
the U. S. Citrus Products Station during the 
past year is greatly appreciated. During the 
year both the Department of Agriculture staff 
and the Florida Citrus Commission Research 
Fellows have devoted their efforts entirely to 
investigations on citrus products and_ by- 
products. The work of this Station is directed 
toward more profitable utilization of citrus 
fruit as juice, sections, concentrates, marma- 
lades, ete., and the profitable utilization of 
by-products of these operations. Improved 
methods of producing better quality products 
at lower costs increase the amount of the fruit 
that can be marketed in processed forms, thus 
stabilizing the market and increasing returns 
to the growers. 

The development of the citrus fruit products 
industry in Florida has been nothing short of 
phenomenal. This is brought out by a com- 
parison of the production figures for the 1934- 
35 and 1943-44 seasons. These figures are 
representative of the trend. During this 
period the total canned citrus pack increased 
from 4,322,000 cases to 30,975,000 cases, 
figured as 24 No. 2 cans per case. This is 
better than a seven-fold increase and few 
industries can boast of such an expansion in 
this short time. During this period there was 
slightly less than a three-fold increase in the 
total citrus crop and it is evident that a major 
portion of the increased production was taken 
by the canners. During this period the amount 
of Florida grapefruit used by the canneries 
increased from one-third the total crop to 
two-thirds the total crop. During the same 


Agricultural Chemical Research Divi- 
sion Contribution No. 164. 

2 One of the laboratories of the Bureau 
of Agricultural and Industrial Chemistry, 
Agricultural Research Administration, U. 
S. Department of Agriculture. 


period processing of Florida oranges in- 
ased from about one-seventieth to almost 
one-fourth of the total crop. With the antici- 
pated large increases in yield of citrus fruit 
in Florida, even larger percentages of utiliza- 
tion by processors and much larger packs of 
citrus products are to be expected. This trend 
was shown at the beginning of the past season, 
be e the harricane destroyed a large part 
f the crop, at which time processors were 
pecting to handle one-third more fruit than 
he preceding year. 
Large amounts of citrus fruit products 
been purchased by the government. With 
the end of hostilities these purchases will be 
greatly reduced, and it will be necessary for 
the industry to sell even larger amounts on 
demestic markets. Quality of the products 
will be one of the principal factors 
determining the total volume that can be sold. 
It is hoped that many of those returning from 
the armed services will want to continue to 
consume citrus juices in the quantity now be- 
ing furnished them. 


delivered 


Interest in research on citrus products is 
by no means confined to Florida. An increased 
interest is being shown by almost all the 
citrus-producing sections of the world. Not 
only the other citrus-producing areas of the 
United States, but South America, the Medi- 
terranean area, and even China are planning 
for increased production and _ processing. 
There seems to be some shift in interest to- 
ward more fundamental information as a 
basis for improvement of processed products. 

In this paper a brief review of the principal 
pr ojects at the U. S. Citrus Products Station 
will be ; salen and progress indicated. There 
will not be sufficient time, however, to go into 
much detail. Major projects which have re- 
ceived attention during the past year include 
concentrated citrus juices, methods of peel oil 
determination, the fatty material of citrus 
juices, bacteriological work, and powdered 
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citrus juice. As each phase of the work 
reaches an appropriate stage, results are pub- 
lished and reprints are made available to all 
interested parties. 

Concentrated Orange Juice: Large quanti- 
ties of orange juice have been concentrated 
in Florida for shipment to Allied Nations 
where they have been rationed to small chil- 
dren and mothers. The concentrate has a 
high content of vitamin C and is very valu- 
able for this reason. However, it was found 
that in some cases gas formed in the cans and 
caused the cans to swell. Studies were under- 
taken to determine the cause of this difficulty. 

It was not known whether the gas forma- 
tion was due to micro-organisms or chemical 
breakdown; so samples were prepared of 
pasteurized, unpasteurized and chemically 
preserved 65° Brix-concentrated orange juice 
and stored at several temperatures. In some 
of the unpasteurized samples stored at room 
temperature fermentation developed rapidly 
and from this it was concluded that it is de- 
sirable to pasteurize the final concentrate as 
it is filled into the containers. However, this 
was not the whole story. When samples of 
chemically preserved or pasteurized concen- 
trates were stored at room temperatures, 
within a few months sufficient gas developed 
to swell the cans. It is believed that in this 
case the gas was produced by the chemical 
breakdown of some of the constituents in the 
concentrate. At a temperature of 120° F. 
sufficient gas production occurred to swell the 
cans in a few weeks. Carbon dioxide was 
found to be the principal constituent of the 
gas which formed in the swelled cans, regard- 
less of whether chemical decomposition or 
microbiological fermentation had taken place. 
Chemical analyses were made of the concen- 
trate, both before and after storage, and in- 
cluded reducing and non-reducing sugars, 
titratable acidity, vitamin C (ascorbic acid), 
and pectin as pectic acid. Comparisons of 
color and flavor were also made. It was 
found that the vitamin C disappeared very 
rapidly at 120° F. and was quite stable in 
cold storage at 35° F. Storage of concen- 
trates of this strength at room temperatures 
or above for more than brief periods of time 


is likely to affect the vitamin C content ad- 
versely. 

In general, it appears advisable to pasteur- 
ize the final concentrate and to keep it under 
refrigeration in order to prevent gas produc- 
tion and loss of ascorbic acid. The results of 
these experiments are to be published in detail 
shortly. 

It is not known definitely which compounds 
decompose with the production of gas at 
elevated and room temperatures. Some studies 
are being conducted in an effort to determine 
the influence of some of the constituents on 
gas production as well as on darkening of the 
product. The information obtained so far 
has not been very conclusive. A number of 
compounds may be involved. The sugars 
appear to be responsible for some of the gas 
production under the influence of the acid 
present. Ascorbic acid seems to play some 
part but it is not clear whether it actually 
decomposes with the production of gas or 
acts as a catalyst. The actual weight of gas 
required to swell a can is quite small and 
and there are a number of compounds 
present which could easily produce that 
amount. 

The Florida Citrus Commission Research 
Fellows have been investigating the produc- 
tion of concentrated citrus juices and have 
developed some very interesting products. 
During the past season equipment has been 
installed which permits concentration under a 
wide range of conditions. Concentration 
under vacuum at temperatures as low as 45° 
F. is now possible in a reasonable length of 
time. Samples of Pineapple and Seedling 
oranges have been prepared under vacuum at 
temperatures ranging from 45° F. to 120° F. 
and these are to be compared with samples 
prepared from the Valencia variety. These 
samples have been placed in storage at various 
temperatures and observations made of the 
effect on the quality of the concentrates. Bac- 
teriological studies on the juice during concen- 
tration and during storage are included. 

In addition to the regular concentrates just 
mentioned the Citrus Commission Research 
Fellows have been working on some special 
concentrates with very good possibilities. Con- 


roe 


COS SE AE eR 





2 ts Et ee 


FLORIDA STATE HORTICULTURAL SOCIETY 53 


centrated orange juice made by the usual 
vacuum concentration process is practically 
devoid of the aroma so characteristic of fresh 
juice. These aromatic fractions are naturally 
removed during the vacuum concentration 
processes along with the water vapor. It has 
been found that by adding some fresh juice 
to the concentrate, a product is obtained of 
medium concentration which can readily be 
reconstituted to make a juice which is difficult 
to distinguish from fresh juice. Some of the 
lots have been prepared by diluting concen- 
trates of about 60° Brix to 42° Brix, but 
other combinations may be used. It is felt 
that this concentrate will retain its flavor for 
considerable lengths of time if stored in a 
frozen condition at 0° F., but tests are being 
made to determine this as well as the storage 
life at 35° F. and higher temperatures. If 
stored in a frozen condition it can be used 
directly to prepare juice simply by adding the 
required amount of tap water. The water will 
melt the concentrate, the water will be cooled, 
and a cool drink obtained. This should appeal 
particularly to restaurant and soda fountain 
proprietors, since the product can be dis- 
pensed rapidly without going to the trouble 
of squeezing fresh fruit. Application is being 
made for a public service patent covering the 
process so that it will be available to all with- 
out charge. 

Peel Oil. Standards have been established 
by the Office of Marketing Service for the 
amount of recoverable oil in citrus juices. 
These standards have been established on the 
grounds that excessive amounts of peel oil 
impair the flavor of the juice and favor the 
development of terpene flavors during storage. 
Difficulty has been experienced by some 
workers in obtaining consistent results. A 
considerable amount of time has been spent 
by the Bureau of Agricultural and Industrial 
Chemistry checking the Clevenger apparatus 
now in general use and devising new appa- 
ratus. The present apparatus will give satis- 
factory results if proper precautions are 
taken, but if the operator is careless or in a 
hurry there is danger of loss of some of the 
oil and low results will be obtained. Plant 
operators naturally want results quickly on 


the juice going through their plants. In order 
to speed up the determination an extra amount 
of heat is often applied in bringing the juice 
to a boil and if care is not taken to reduce 
the heat as boiling starts there will be a loss of 
oil from the top of the condenser since a large 
portion of the oil distills during the first min- 
ute or so. 

It is believed that the method can be made 
more fool-proof and more rapid by substitut- 
ing a conventional Liebig or a West-type 
condenser for the cold finger type now in use 
and that the hot vapors should enter the top 
of the condenser instead of the bottom so the 
hot steam does not come in contact with the 
oil layer in the trap and constantly redistill 
it. Apparatus for carrying this out has been 
devised. 

Fatty Material in Citrus Juices. In 1940 
A. J. Nolte and H. W. von Loesecke (8) pub- 
lished some work on the petroleum ether- 
solube material in orange juice. They ob- 
tained evidence indicating that at least a 
portion of the off-flavors which develop in 
canned orange juice was due to oxidation of 
the fatty material in the juice. This work 
has been of much interest and an effort is 
being made to expand it and put it on a more 
quantitative basis. A new method of separ- 
ating the oils has been developed which will 
be of considerable value. It consists of re- 
moving these materials from the juice by 
filtration and then extracting them from the 
residue with solvent. The solvent is evap- 
orated and the material is then available for 
further study. This method removes prac- 
tically all the fatty material and is more 
quantitative than the centrifuging method 
used previously. This procedure is to be used 
in a study of the fate of the fatty constitu- 
ents in citrus juice and in devising means of 
controlling the amounts present. 

Bacteriological Studies. During the past 
year bacteriological studies have been ex- 
panded. A considerable number of bac- 
teriological counts were made in typical citrus 
plants during operation in order to obtain 
information on the types and numbers of 
organisms present in the various steps of 
processing. Isolations were made of typical 
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organisms and samples of juice were prepared 
and bottled with varying numbers of these 
organisms present before pasteurization. 
Samples of these juices were examined after 
storage, and even though the organisms were 
killed during pasteurization some indications 
were obtained that they can adversely affect 
the flavor of the finished product. 

The disposal of citrus waste liquors is still 
a serious problem and ways and 
utilizing as well as disposing of them are 
urgently needed. Efforts are being made to 
find other organisms that will utilize these 
wastes more completely and produce useful 
products. 


means of 


It is a pleasure to note that two processes 
which have been suggested by the U. S. Citrus 
Products Station ‘have come into commercial 
use during the past year. These are the pro- 
duction of feed yeast from waste liquors from 
citrus processing plants and the manufacture 
of alcohol from the citrus-waste press juice. 
It is believed that these developments are very 
significant and it is hoped that there will be 
more developments along these lines. It is 
believed that the possibilities of producing 
feed yeast of high protein and vitamin con- 
tents are particularly good. 

Tangerine Products. The article published 
last year on “Tangerine Juice Products” (1) 
covering work by the Florida Citrus Commis- 
sion Research Fellows has attracted wide 
attention particularly by the bottlers of car- 
bonated beverages. Many inquiries have been 
received asking for information on the nature 
of the sirup and beverage bases prepared, 
samples and possible sources of supply. There 
appears to be a market there for at least a 
portion of the tangerine crop. 

Powdered Citrus Juice. Some work has been 
done by the Florida Citrus Commission Re- 
search Fellows on the production of powdered 
citrus juices with the vacuum-drum drier. No 
entirely satisfactory product has been ob- 
tained, but several were prepared that have 
some interesting possibilities and leads have 
been obtained which will be useful in further 
work. 


Fiavor Recovery. The Eastern Regional 


tesearch Laboratory of this Bureau has had 
remarkable success in designing equipment 
for use in the preparation of concentrated 
apple flavor. Concentrations of the flavor as 
high as 150-fold have been made and these 


vaave proven to be very useful in restoring 


the flavor to apple concentrates. Consider- 
able interest has been shown in this process 
and it appeared possible that it would have 
some application to citrus juices. Arrange- 
ments were made to have the equipment sent 
to Winter Haven, Florida. Several runs were 
made and no difficulty was experienced in 
obtaining 100 and 200-fold concentrations of 
the water soluble essences. It is believed that 
the process has possibilities of application. to 
both single strength and concentrated juices. 
Recent Publications. A number of publica- 
tions have been issued by the Citrus Products 
Station during the past year. An article en- 
titled “Changes Occurring in Orange and 
Grapefruit Juices During Commercial Proc- 
si and Subsequent Storage of the Glass- 
‘in-Packed Products” by E. L. Moore, 
EK. Wiederhold, and C. D. Atkins (6) dis- 
cusses the relative merits of glass and tin 
rs. Both types of containers are 
satisfactory, but the storage life is generally 

a little longer in tin than in glass. 
“Reeovery of Flavoring Oil 








contal r 


The article, 


from Persian Limes— Preliminary Experi- 
ments,” by D. Atkins, E. Wiederhold, and 
J. L. Heid (2) gives approximate yields and 


information on the characteristics of Persian 
lime oil. 

The survey work on the retention of ascor- 
bic acid has been completed and the second 
article entitled ‘‘Ascorbic Acid Retention in 
Florida Grapefruit Juices. II. During Storage 
of the Canned Product,” by E. L. Moore, E. 
Wiederhold, and C. D. Atkins (7) has been 
published. The average retention of ascorbic 
acid was approximately 95 percent for two 
months, 90 pereent for four months, and 83 
percent for six months storage at the prevail- 
ing room temperature. Their previous paper 
has shown an average retention of 97 per cent 
of the ascorbic acid during the juice canning 
operations. These results are very important 
since they show that substantial amounts of 
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this vitamin are retained in the juice during 
processing and storage. 

An article, “Papaya Products,” by J. L. 
Heid and A. L. Curl (4), based on previous 
work, gives considerable information on the 
preparation of a number of papaya products. 

A paper entitled “Comparison of Methods 
for the Determination of Moisture in De- 
hydrated Vegetables” by A. L. Curl (3) ap- 
peared during the year. It presents com- 
parative information on vacuum oven, benzene 
distillation, and toluene methods for determ- 
ining moisture. 

An article entitled “The Citrus Canning 
Waste Disposal Problem in Florida,” by R. S. 
Ingols (5) gives a general review of the waste 
disposai situation and suggests solutions to 
some of the problems encountered. 

It is believed that the U. S. Citrus Products 
Station at Winter Haven, Florida, has made 
substantial contributions to the knowledge of 
citrus products during the past year and it is 
hoped that even more valuable information 
will be obtained in the future. 
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DEHYDRATED 


ORANGE JUICE 


R. T. CARLETON, Plymouth Citrus Growers Assn., Plymouth 
and 


H. R. CLOUD, Florida Foods, Inc., Orlando 


Recently a process for dehydrating or re- 
moving the water from orange juice has been 
developed and this process will be exploited 
by Florida Foods, Inc. In evaluating the pos- 
sibility of success of orange juice dehydration 
by Florida Foods, Inc., it might be well to 
examine the skills of the parent company, 
namely the National Research Corporation. 


This company was organized in 1940 for the 
purpose of research in all branches of indus- 
try, but more particularly in those fields 
where high vacuum could profitably be em- 
ployed in the solution of problems. Almost im- 
mediately after the company was formed it 
became engaged in war work on its own ac- 
count and was presented with many technical 
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problems by America’s largest manufacturers. 
They were instrumental in perfecting the high 
vacuum equipment by which penicillin is 
manufactured and approximately 95% of the 
world’s penicillin today is made in part by 
machinery and technique worked out by the 
National Research Corporation. In addition, 
they have spent considerable time on other 
food industry problems, on problems of the 
petroleum industry, and a considerable amount 
of time on the study of the extraction of the 
lighter metals. One of the initial accomplish- 
ments of National Research Corporation in 
war work was that of perfecting a method of 
extracting metallic magnesium for use in the 
aeroplane and allied industries. Particular ref- 
erence has been made in their research work 
to heat sensitive materials where the high 
vacuum technique does a splendid job. 

This company is committed under contract 
for a period of twenty years to devote a per- 
centage of its time and ability to the study 
of citrus processing and by-products. Its ma- 
jor compensation for this effort will be con- 
fined to the increase which it can create in 
the value of Florida foods as an industry. Dur- 
ing this period the National Research Corpora- 
tion will maintain a separate laboratory in 
Florida for this research work. That is the 
background. 

Ever since human beings started to travel 
about on the earth, they have had to carry 
food with them. After being established in 
new places, they have always needed food or 
food products carried or shipped to them. Dur- 
ing early times only dried products could be 
taken. These lacked essential vitamins and re- 
sulted in such deficiency diseases as scurvy, 
beriberi, pellagra, and rickets. With the ad- 
vent of refrigeration, fresh fruits and vege- 
tables could be carried along or stored for 
long periods of time, thus providing more 
palatable food and making supplies of these 
essential vitamins available for longer periods 
of time. 

Research has shown that the mineral ele- 
ments and vitamin C that occur in citrus juices 
when supplied properly not only prevent the 
deficiency diseases caused by their absences, 
but enable users to do more work, feel better, 


and enjoy life more abundantly. The addition 
of pure dehydrated orange juice to this list of 
mineral and vitamin containing food products 
is a still further step in extending the distri- 
bution of these necessary health products. 

The use of processed fruits and vegetables 
and particularly citrus juices has given hu- 
manity another method of transporting, stor- 
ing and reducing to a much less perishable 
state these necessary parts of the diet. This 
evolution in packing citrus products is not a 
new thing. Other branches of the Food Indus- 
try have gone through a similar evolution and 
have emerged with a more stable market and 
with a consuming public highly satisfied with 
the results of that evolution. Early in the his- 
tory of the frozen food industry surveys were 
made by competent authorities which indicated 
that approximately 70% of the food consumed 
in the United States was either processed or 
refrigerated, or both. You are all familiar with 
the progress made by the Frozen Food Indus- 
try and their aspirations for further increase 
in future years. It would seem that our prob- 
lem of processing an increasing amount of 
the Florida citrus crop should not cause us 
undue alarm, as other segments of the Food 
Industry have successfully met this problem. 
It is true, however, that unless fresh citrus 
fruits are permitted to go to the markets in 
proper amounts, the excess amounts which 
should properly be processed and thus be with- 
held from fresh fruit sales will cause the en- 
tire market to break and a lower price will ac- 
crue to the grower. 

Briefly, orange juice powder is dehydrated 
orange juice and contains all the original and 
natural ingredients except the water. The re- 
constituted juice made by adding the orange 
powder to water is comparable to the starting 
material in both flavor and aroma. There is 
reltively no loss of ascorbic acid—the impor- 
tant vitamin C. 

Although the dried juice or powder is ex- 
tremely hygroscopic and will, therefore, 
quickly absorb moisture when exposed to the 
atmosphere, when vacuum packed in vapor- 
proof containers it will keep indefinitely at 
normal room temperatures. 

To produce what amounts to a 5 oz. (liquid 
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measure) glass of fresh orange juice, merely 
requires stirring approximately 1 oz. (avoir- 
dupois) of orange powder into 5 oz. of cold 
water. The powder goes into solution in a few 
seconds and the result is an orange juice hav- 
ing approximately 13% solids. 

Florida Foods, Inc. expects its plant for pro- 
ducing dehydrated orange juice to be in op- 
eration by March 1, 1946. It is being designed 
for an input capacity of 20,000 gallons of 
orange juice per day, with provision being 
made so that this capacity can be readily ex- 
panded to 40,000 gallons per day. The process 
is carried out entirely at low temperature and 
the juice is never subject to higher than room 
temperatures. At one step in the process, a 
concentrate containing 50% solids is obtained. 
Present plans call for 2200 gallons per day 
of this concentrate to be available for distri- 
bution and sale as a frozen product. The re- 
mainder of the plant will be used to produce 
5500 lbs. per day of dehydrated orange juice 
powder. 

The concentrate which contains 50% solids 
is produced by vacuum exaporation and is im- 
mediately frozen, hermetically sealed in air 
tight containers and stored and distributed at 
temperatures around 0 degrees F. It has been 
found that this product retains 95% of the 
vitamin C in the orange juice and that it will 
keep for long periods when stored at proper 
temperatures in the absence of air. One gal- 
lon of the concentrate can be converted readi- 
ly into 4.7 gallons of fresh juice by the addi- 
tion of water. It is expected that this product 
will have a wide market especially in the in- 
stitutional trade. 

The orange juice powder is produced by 
vacuum evaporation in the micron pressure 
range. The large quantities of water vapor 
are pumped with rotary condensers which 
continually remove the vapor in the form of 
ice. The resulting powder, which contains ap- 
proximately 1% moisture, is extremely hygro- 
scopic and must be handled and packed in an 
atmosphere of low humidity. One pound of 
the powder will produce eight pounds, slightly 
more than 9/10ths of a gallon, of orange juice. 
It is well to note that the powder will weigh 
1/20th as much as the corresponding amount 


of fresh oranges. Vitamin C retention during 
the processing of this powder is approximately 
95% and storage at temperatures between 70 
and 80 degrees will result in no appreciable 
loss of vitamin C. 

In shipping oranges the major portion of 
the we:ght is made up of water, rind, pulp, and 
crate. An average crate of oranges weighs 90 
lbs. and will produce approximately 4% gal- 
lons of orange juice. An equivalent amount 
of powder in cans weighs a little over 7 lbs. 
Moreover, the grave problem of spoilage in 
shipment is completely eliminated. 

A comparison of the cost of containers, 
labels, and freight for packaging and trans- 
portation of fresh oranges, canned orange 
juice and orange juice powder is as follows: 
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Conversion of orange juice to powder 
means several things to several classes of peo- 
ple. It will not crowd the fresh oranges off 
the fruit stand where shipments may come 
directly from Florida or California, but will 
find a receptive market. 

To the families in remote sections of the 
country, on farms, and places not reached by 
the perishable food distribution system, it will 
mean a delicious orange drink heretofore un- 
obtainable and an excellent source of vita- 
min C. 

To institutions such as hospitals and schools, 
restaurants, dining cars, ocean liners, and air 
lines, it means the elimination of an expensive 
space-consuming storage problem and an ap- 
preciable saving in labor and a dependable 











58 FLORIDA STATE HORTICULTURAL SOCIETY 


supply of juice consistent in quality. 

To millions of housewives it means the end 
of the annoying, time-consuming squeezing of 
oranges before breakfast, the cleaning of 
squeezing apparatus, the disposal of the rinds, 
and the assurance of the steady source of 
orange juice at an economical price. 

To the orange grower it means that this mar- 
ket can be extended both as to time and space. 
It is a known fact that Florida fresh citrus 
fruit, as such, is out of the Northern markets 
for approximately five months of each year, 
and that if the public is to have the value of 
Florida citrus it must secure that citrus in the 
form of canned segments or juice. This creates 


the necessity of educating the public to the 


use of two Florida citrus products, namely, 
fresh fruit and the canned or processed fruit. 
It is also true that the months in which Florida 
citrus is not available in fresh fruit form in 
the Northern markets are the months in which 
cold drinks are in the greatest demand. There 
is a belief that by the use of Florida dehy- 
drated orange juice we may be able to extend 
the fresh fruit flavor and taste to these North- 
ern markets during those months. 

The area west of the Mississippi River and 
east of the Rocky Mountains comprises an 
area in which 20% of the population of the 
United States lives, and because of difficulties 
and high cost of distribution this market has 
been practically closed to the sale of Florida 
fresh citrus fruit. Since the citrus powder 
equivalent to the amount of orange juice con- 
tained in a full box of oranges will be only a 


fraction of juice weight, it is hoped that this 
advantage will enable us to reach such markets 
and will permit the people in that area to 
have the advantage of the flavor of Florida 
fresh fruit at a price which is equivalent to 
that of fresh orange juice in the Eastern 
States. 

Foreign export markets reached by infre- 
quent and space-limited transportation facili- 
ties, which now include air transport, can be 
supplied with orange juice powder seven times 
as economically as by canned juice and 9 times 
as economically as fresh fruit without the at- 
tendant hazards of fresh fruit handling. This 
supply of orange juice powder available in 
remote corners of the earth will improve 
hhealth, help to extend prosperous civilizations 
and improve trade. It is nearly inevitable that 
the use of oranges will be decidedly increased 
when the large scale production of dehydrated 
orange powder becomes a reality on the mar- 
ket. 

The personnel of Florida Foods, Inc. fully 
realize their responsibility in launching such 
an ambitious program for a new product. In- 
vestors have been generous enough to entrust 
us with millions of their dollars, the citrus in- 
dustry has been very kind in its commenda- 
tions and suggestions, and the public has 
shown a genuine interest in purchasing the 
product. It is our hope that added manufac- 
turing facilities will be needed to process the 
Florida citrus crops—and to satisfy the public 
demand for high grade products of this na- 
ture. 
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THE STATUS OF SOUR ORANGE STOCK 
IN SOUTH AMERICAN CITRUS 
AREAS 


A. F. CAMP 
Citrus Experiment Station, Lake Alfred 


Introduction 


Following my first trip to South America 
in December 1942 to study the disease of 
citrus trees on sour orange stock, known as 
“tristeza” in Brazil and “podredumbre de las 
raicillas’” in Spanish-speaking countries, I 
made only a brief report to this Society. I did 
not discuss the matter at length for two reas- 
ons: First, I am inclined to distrust first im- 
pressions in a foreign country and in the pres- 
ence of a new trouble with which I am un- 
familiar; and, Second, because of the very 
conflicting reports which I received from vari- 
ous technical men and growers in South Amer- 
ica. This great divergence arose in consider- 
able measure from the fact that there were 
so many theories as to its cause that it was 
impossible to sift them all and determine 
which were founded on sound, careful experi- 
mental work and which were based only on 
observation. On this first trip I attempted to 
have certain items of fertility work carried 
out which I thought might in some degree 
clarify the situation and some of this work 
was under way when I returned approximately 
two and one-half years later. My second trip 
was somewhat longer than the first and I had 
also the advantage of my previous contacts 
and experience. As a consequence I now feel 
in a somewhat better position to evaluate the 
sitlation, having covered the various districts 
in Brazil, Paraguay, Uruguay and Argentina 
where the trouble occurs. I wish to keep my 
remarks at this time as factual as possible and 
to avoid extended discussion of the many 
theories as to its cause. I wish also to make it 
clear that I have no theory of my own which 
I would consider to be backed with enough 
research work to have even a semblance of 
tenability. 


History and Distribution 


The history of the occurrence of the disease 
is given in detail by Webber* and only the 
high lights will be touched on here. It was first 
reported from South Africa about 1910 after 
they started to substitute sour stock for stocks 
formerly used. These new plantings failed to 
grow properly or come into bearing and 
eventually most of the trees died either from 
the disease or from neglect. It was not gener- 
ally considered to be a disease but rather a 
lack of adaptability of sour orange stock to 
the local soil conditions, and other stocks were 
again utilized, particularly rough lemon. It was 
next reported from Java about 1928, but the 
extent of the damage suffered is not entirely 
clear. 

It was next identified about 1931 or 1932 
in the vicinity of Bella Vista in the Litoral 
region of Argentina. In the writer’s opinion 
this date is not too valuable as an identifica- 
tion of the time when it started in Argentina, 
providing it was imported from South Africa 
as most workers suppose, rather than occur- 
ing indigenously. This statement is made since 
there is always a loss of trees in any citrus 
area and this loss is commonly high in this 
part of Argentina; and when the disease starts 
in an area there is first the loss of a few trees 





* Webber, H. J. The “Tristeza”? disease of 
sour-orange rootstock. Proc. Am. Soc. 
Hort. Sci. 43:160-168. 1943. 

No other references will be given in this 
paper as the pertinent ones relating to 
history are given in the above paper and 
these and many other important papers 
on this subject are in publications not 
easily accessible and ofien in a r 
language. 
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usually those growing under adverse condi- 
tions, and it is not until sometime later that 
it reaches epidemic proportions. Likewise the 
period of incubation is unknown and might be 
rather long. From consultation with growers 
and technical men the writer is forced to the 
conclusion that no definite date can be set as 
to when it first started in Argentina, since it 
might have been several years before it was 
actually noticed and rather definite reports 
have it occurring at least as early as 1929 or 
probably earlier. There are no distinct symp- 
toms characterizing the disease and a tree de- 
clines in much the same way that trees de- 
cline from a variety of reasons, and its ap- 
pearance in other districts in the Argentine 
Litoral was attended by a great deal of dis- 
cussion as to whether the trees dying were af- 
fected by the disease or were dying from other 
causes. This period of uncertainty in some 
cases apparently lasted for as much as three 
years after the disease actually started and 
while the disease was becoming established, 
and it would consequently be impossible to be 
certain as to the exact date of its introduction 
into any given area. The last district affected 
in the Litoral was the Concordia area, where 
it apparently started some time prior to 1939 
but was not fully recognized or admitted until 
after 1940. 

Bitancourt assigns 1937 as the probable 
date of entrance into the Santos district in 
Brazil, but here again this date, in the writer’s 
opinion, is only generalization and cannot be 
taken too literally. No dates of value can be 
given for Paraguay, but apparently it spread 
to that country from the Argentine in the 
30’s and into the Salto District in Uruguay 
about 1940 or a little earlier. For the last 
three years there have been sporadic reports 
of its occurrence in the northwestern district 
in Argentina but its presence there has not 
yet been accepted by workers in the Experi- 
ment Station at Tucuman. However, in visit- 
ing that area in company with a number of 
men who were thoroughly familiar with it in 
the Litoral from the beginning, many trees 
were found which had similar symptoms to 
those on affected trees in the Litoral. The 
situation is that some technical men report it 


as being present and others deny its presence, 
just as has happened previously in various dis- 
tricts in the Litoral and in Brazil. 

At the present time it is definitely estab- 
lished in practically all groves on sour orange 
stock in both Sao Paulo and Rio de Janeiro 
states in Brazil, and tentatively identified in 
some of the states south of Sao Paulo (Parana, 
Santa Catharina and Rio Grande do Sul) and 
at Bahia, though these reports are subject to 
future confirmation. It is widespread in Para- 
guay and in the area of Uruguay next to the 
Uruguay River which separates that country 
from Argentina, and in all of the Litoral re- 
gion in Argentina including the provinces of 
Entre Rios and Corrientes and the Territory 
of Misiones and also across the Parana River 
in the province of Santa Fe. Its presence in 
the northwestern district is still a matter of 
discussion, with technical men on both sides 
of the question but with numerous trees show- 
ing quite typical decline. It has also been re- 
ported that trees on sour orange stock are 
dying at Quito, Ecuador. 

Description of the Disease 

Trees affected with this trouble have no 
definite symptoms which have been identified 
as definite characteristics of the disease. De- 
clining trees probably more closely resemble 
trees affected by waterlogging of the soil than 
anything else, but are not greatly different 
in appearance from trees which are affected 
with foot rot or one of the root-rotting fungi. 
This is evidenced by the fact that people work- 
ing with the trouble ever since it appeared in 
Argentina are still unable to identify defi- 
nitely a tree as being certainly affected, and 
examination of individual trees in a suspected 
area can lead to definite disagreement on iden- 
tification, in many cases. Since its first ap- 
pearance in a grove is very likely to be on 
the worst soil, where the trees might quite 
easily have died for other reasons, the prob- 
lem is additionally complicated, and it is not 
until it occurs on the better soils that is defi- 
nitely identified. It is also quite probable that 
once it is identified in an area, trees dying 
from a variety of other causes are included 
with it because it is so difficult to differenti- 
ate them. 
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Affected trees usually show first a lighten- 
ing or yellowing in the color of foilage, par- 
ticularly on the new growth, and this is fol- 
lowed by a reduction in growth, some loss of 
leaves, the development of the symptoms of 
zine deficiency including mottled leaves, short 
internodes and a generally sparse condition of 
the periphery of the top. This is usually ac- 
companied by a chlorosis of the midrib of the 
leaves. At the same time the small feeder roots 
are found to be dead and no new ones de- 
velop, and as the disease advances the larger 
roots also die. By the end of two or three years 
the tree is reduced in size, has only a small 
amount of foliage and all of it chlorotic, and 
the wood in the periphery of the tree is dead. 
Fruit borne after the symptoms are definitely 
established is poor in quality and the produc- 
tion very low. In the case of Navel oranges 
the fruit borne on declining trees may be com- 
pletely dry and there is likely to be some de- 
gree of dryness in other varieties. The ap- 
pearance of leaf patterns is not regular and 
cannot be used for diagnostic purposes; zinc 
deficiency symptoms are undoubtedly due to 
the reduction in root system, as such reduc- 
tion or malcondition commonly causes a re- 
duction in the intake of zine by citrus and the 
vein chlorosis is primarily an indication that 
the root system is not functioning. This mid- 

‘vein chlorosis does not appear in all cases but 
the various technical men and growers indi- 
cate that it is a common leaf symptom in from 
80 to 90 percent of the cases, although not in 
all. 

The period from the intial appearance of 
the disease in the top until the tree has died 
or declined almost to the death stage is com- 
monly two or three years, but in mandarins 
in Argentina this period may be only a few 
weeks with the decline more nearly resembling 
the extremely rapid decline in “Quick Decline” 
in California, though this is not usual in a 
majority of cases. A few oranges with this 
quick type of decline were noted but it is pos- 
sible that such trees are affected with some 
other trouble. Since these trees failed to show 
the other characteristics of “tristeza” it is 
quite possible that they may be affected by 
some other disease. The number of the trees 


declining in this way was indicated at from 
one to three per thousand trees affected, by 
various workers, and since it is customary to 
assign practically all deaths to “tristeza” once 
it has appeared and been identified, it is en- 
tirely possible that. some trees may be wrongly 
identified. A large number of affected trees 
actually die in spite of good treatment but it 
is common for them to hang on indefinitely 
with a little foliage in the middle of the tree 
unless killed by a combination of neglect,fire 
or other hazards, since a grower seldom cares 
for a grove in advanced decline. It was noted 
in plantings at the various Experiment Sta- 
tions that many trees on sour orange stock 
persisted for long periods if fertilized and 
cared for, though they did not carry fruit and 
many of them actually died. The same was 
true where there was a scattering of trees on 
sour stock in a planting largely on another 
rootstock and which was being cared for; 
some of the trees on sour orange died but 
many continued indefinitely in a condition 
just bordering on death. 

The spread of the disease within a grove 
seems to radiate irregularly from focal points 
but does not take all of the trees as it goes, 
spreading rather irregularly. This might in- 
dicate spread by insects or wind rather than 
a fungus moving slowly through the soil, which 
would ordinarily take all trees as they come. 

In an effort to identify the disease defi- 
nitely in the face of a lack of definite symp- 
toms in the top, Bitancourt has used a chemi- 
cal test in which the bark is lightly scraped 
across the bud union and a solution of iodine 
applied to the scraped area. In the case of af- 
fected trees the bark above the bud union 
turned blue while there was no blue below 
the bud union, thus indicating an accumula- 
tion of starch above the bud union. Unaffected 
trees were reported as negative, i. e., they 
had starch both above and below the bud 
union. The writer used this test in company 
with both Dr. Bitancourt and Sr. Silvio Mo- 
reira, and afterwards in Paraguay and Argen- 
tina. Postive tests were found in practically all 
trees on sour orange in Paraguay except 
lemon and the same was true in the Litoral 
in Argentina, except that many of the trees 
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had no starch either above or below the bud 
union, i. e., gave “‘no test.” This applied to 
trees on all stocks. The test was also positive 
in a majority of cases in the northwestern 
zone from Tucuman to Tabacal. Negative tests 
were uncommon in trees on sour orange stock 
but cases were frequent in which the result 
was “no test” as above explained. This was 
particularly true where they were injured by 
cold the previous winter. Trees on other stocks 
with few exceptions were negative or gave 
“no test.”” A few trees on West Indian lime 
stock gave a strong inverted test, i. e., the 
starch was all below the bud union. The test 
was so consistent as to give rise to a question 
in the writer’s mind as to whether the test 
was a test for “tristeza” or a test for sour 
orange stock or possibly a test for a physiologi- 
cal condition of the tree that was normal. 

On returning to Florida Dr. Suit and Mr. 
Lawless of the Station staff were asked to 
examine the test under Florida conditions and 
they found either “no tests” or positive tests 
in practically all of the trees on sour stock 
tested. Positive tests were obtained in a large 
proportion of trees on rough lemon and Cleo- 
patra mandarin stock and both positive and 
reverse tests (blue below and light above) 
were obtained with trees on sweet orange 
stock. In general trees showing positive tests 


or “no test” constituted the majority, with . 


relatively few negative tests. Generally trees 
that were thin in foliage showed more starch 
than trees that had heavier foliage, irrespec- 
tive of whether the test was positive or nega- 
tive. In some trees it was possible to find posi- 
tive, negative and “no tests’ on the same 
trunk by trying at various places, while all 
trees with psorosis showed a positive test. 
Their conclusion was that the test probably 
has no value as a guide to “tristeza” under 
Florida conditions. 

There were comparatively few positive tests 
obtained on trees at the Citrus Experiment 
Station, with the majority of the trees show- 
ing “no test,” while in commercial groves the 
percentage of “no tests’? was much lower and 
both positive and negative tests much more 
common. Since the trees at the Station are 
generally on a lower fertilizer program than 


most commercial groves this may be of some 
significance. Further report will be made on 
this later. 

Certain information concerning the relative 
severity of the disease with regard to varieties 
is of interest. Observations by the writer in 
both Paraguay and Argentina, and to some 
extent in Brazil, would indicate that within 
an area or grove, grapefruit and mandarins 
on sour orange are much slower to succumb 
than sweet orange trees on sour orange, but 
that the individual trees when they once show 
the symptoms in the top sometime decline 
even more rapidly than sweet orange trees 
under the same conditions. Various types of 
sour orange all seem to be susceptible and no 
trees on sour orange are left in an area after 
a few years, nor is there any indication of 
an occasional resistant tree. Lemon trees on 
sour orange continue to be immune so far as 
observed. In one planting of West Indian lime 
on sour orange in Paraguay the trees showed 
typical symptoms of the disease. Workers in 
Brazil reported that they had found no cases 
on trees budded on sweet orange but occas- 
ional cases on Rangpur lime, rough lemon and 
grapefruit stock, although to what extent this 
opinion was based on the chemical test and 
to what extent on dying of trees the writer 
did not find out. Where trees of oranges or 
grapefruit on sour orange have been top- 
worked to lemons, the trees continue to do 
well in spite of the orange or grapefruit 
“sandwich,’”’ and some of these are now sev- 
eral years old without indication of decline 
and with sound root systems. Extensive top- 
working of grapefruit on sour orange with 
lemon is being carried out by one company 
in Brazil. 

Extent of the Affected Area 

In the Litoral region of Argentina where 
the disease was first reported in the early 30’s, 
there is no commercial production of sweet 
oranges on sour orange left except for a small 
and decreasing production around Concordia, 
the last district invaded. From various esti- 
mates, since no exact data were obtained, it 
may be concluded that at least two million 
trees on sour orange are dead or past produc- 
tion in this area due to the disease. 





—— 
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Plantings made prior to appearance of the 
disease are mostly wiped out, their rapid dis- 
appearance being speeded up by lack of care, 
fires, etc. In the Bella Vista area a few young 
trees are found living and producing a small 
amount of fruit at the Experiment Station, 
and give evidence that the decline of the tree 
may be delayed by good care. Young trees at 
the Experiment Station at Bella Vista appear 
to have responded definitely to applications of 
phosphorus and similar results were reported 
by both technical men and commercial grow- 
ers in the Rio de Janeiro district in Brazil. 
Such trees, however, are not producing good 
crops in spite of care and probably will never 
grow into large trees, judging by the results 
of fertilizer tests which have been carried on. 
Mandarins in the Concordia district and to 
some extent in other parts of the Litoral are 
still persisting but with trees rapidly declining 
in most groves. 

In the northwestern citrus section of Ar- 
gentina which extends from Tucuman in the 
south to Tabacal in the north there are many 
declining trees which have all of the charac- 
teristics of trees declining from this trouble. 
Workers at the Agricultural Experiment Sta- 
tion at Tucuman credit other causes with the 
loss of these trees. The Regional Agronomist 
at Salta states that it is “Podredumbre”’ (tris- 
teza) as does Marchionato, but others dis- 
agree. The Chicoana section near Salta cer- 
tainly has every indication of the disease but 
the author would hesitate to give an opinion 
in the face of disagreement between technical 
men who are much more familiar with the 
situation than himself. There are about two 
million trees in this area, practically all on 
sour orange stock. 

In Paraguay most of the sweet oranges on 
sour orange seem to have disappeared but the 
mandarins and some grapefruit are persisting, 
with increasing numbers of trees declining. 
In Uruguay practically all of the sweet orange 
trees on sour orange are past commercial pro- 
duction in the zone along the Uruguay River, 
but the mandarins are persisting although de- 
clining. Bertelli reported (conversation) that 
it has not started in the small Montevideo area 
but the writer did not visit this area and in a 


previous publication he had reported its pres- 
ence in this district. 

In Brazil its spread in Sao Paulo state, 
where about 80% of the trees were on sour 
orange stock, has been disastrous. The Soro- 
caba area with an estimated million and one- 
half trees on sour orange stock has been wiped 
out and the disease is rapidly running through 
groves in the remainder of the state. One 
grove of 58,000 trees was carefully examined 
by the writer 2% years ago, at which time 5 
suspicious trees were found in the corner of 
one block. This block has already died out and 
been replanted and about 50% of the trees 
in the remainder of the grove are past com- 
mercial production. In another very large 
grove which showed no disease as recently as 
two years ago, there has been a very heavy 
loss of sweet orange trees with probably 25% 
now having borne their last crop; but grape- 
fruit trees, as usual, are in better shape than 
oranges. In the Experimental orchard at Li- 
meira, Bitancourt reports (letter) an increase 
of 65% in the number of declining trees in 
11 months. Generally speaking the disease 
starts with a few trees in a grove and in- 
creases slowly for a year or two and then very 
rapidly. This would be the sort of increase 
expected if the rate of spread were on some- 
thing approximating a percentage increase 
basis. 

Production in the state of Sao Paulo is es- 
timated to have been cut in half in three years 
with a still further reduction to come in the 
next two yars. In the Rio de Janeiro district 
the percentage of trees on sour orange was 
only about 40 percent, with a large portion of 
these, probably 70 or 80%, beyond produc- 
tion or dead at the present time. Statistics on 
these points are lacking but the above figures 
are based on the opinions of a number of per- 
sons and are probably fairly accurate but very 
conservative. 

Many groves which were visited by the 
writer during the first trip and which showed 
some affected trees had disappeared or been 
abandoned and left to grow up in weeds in 
the intervening two and one-half years. Fer- 
tilizer experiments carried out by a grower 
in an attempt to bring back declining trees 
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showed definite improvement but no cure. In 
the Rio de Janeiro province there are some 
small grove areas where trees on sour orange 
appear to be doing fairly well and the disease 
may have only recently reached these areas. 
The loss of trees, i. e., dead or past produc- 
tion, runs into millions in these two provinces 
and is going to be a tremendous factor operat- 
ing to reduce their supply of export fruit in 
the immediate future. 

Theories as to the Cause of the Disease 

and the Status of Research Work 

There are numerous theories concerning 
the cause of the trouble but unfortunately 
none of them may be considered as in any de- 
gree proved by adequate research work. These 
theories include the virus theory of Bitan- 
court, which includes the idea that it is a virus 
which affects the tops and not the roots and 
which affects al] the trees (except lemons) 
but is only active or pernicious when the trees 
are budded on sour orange. It is presumed 
that the virus was brought into South America 
in cuttings or trees from South Africa and 
was then transmitted by insects within the 
grove or grove area. There are numerous vari- 
ations of this virus theory but no one has been 
able to transmit the disease artificially by 
any means whatsoever so that the references 
to methods of spread may be considered as 
unproved. Marchianato and his co-workers in 
Argentina have proposed the theory that it is 
caused by nematode attack, this theory hav- 
ing been modified in some instances to include 
the idea that adverse soil conditions encour- 
aged the nematode attacks. No successful in- 
oculation work has been done as far as the 
writer knows and nematodes hhave been found 
in other rootstocks and in areas where the 
disease does not occur, though some workers 
state that they found more nematodes on af- 
fected trees than they did on healthy trees. 
Several workers maintain that it is related 
to mineral deficiencies and some entertain the 
idea that it may be a result of fungi attack- 
ing the roots of trees weakened by deficien- 
cies. Heavy phosphate treatments in experi- 
ments in both Brazil and Argentina appeared 
to have a beneficial effect on trees in the 
early stages of decline but the writer saw no 


convincing evidence that it was more than a 
temporary effect. There are numerous other 
theories but all lack complete experimental 
evidence. 

Generally speaking there is no convincing 
evidence in actual experimental work concern- 
ing the identity of the cause of the trouble or 
its method of transmission. Research generally 


tends more to a study of alternative root- . 


stocks and it is obvious that once an area has 
been invaded and groves are dying rapidly 
there is much more support for this type of 
work than there is for work on the fundamen- 
tal cause. From the standpoint of those who 
wish to keep it out of this country the para- 
mount issue is the method of transmittal. In 
fact, as far as experimental work is concerned, 
there is no proof that it is transmittable and 
the theories on transmission are based on gen- 
eral observations that a disease moving as 
this does must be transmitted; but experimen- 
tal work has not definitely ruled out the pos- 
sibility that it is caused by an organism in- 
digenous to the soil in the affected areas. Un- 
til it is proved that the trouble is transmitta- 
ble and the method of transmission deter- 
mined, the legality of specific quarantine 
measures would be questionable. 

It would seem at the present time as though 
the most practical move would be for the 
citrus areas of the United States to combine 
in doing some intensive experimental work 
on the problem of transmittal, doing the work 
in the affected areas in cooperation with work- 
ers there rather than waiting for its appear- 
ance in this country. The question of trans- 
mittal seems to be the key both to methods of 
quarantine designed to keep it out and also 
as a basis for further work to determine the 
exact cause. Such work would cost relatively 
little compared with the value involved in de- 
laying its entrance into the United States in- 
definitely or being able to institute counter 
measures promptly if it did appear. Figures on 
the percentages of trees on various stocks in 
the citrus areas of the United States are not 
available, but estimates generally credit Flori- 
da with 24 to 30 percent on sour orange, 
Texas with better than 98 percent and Cali- 
fornia with 50 to 60 percent. Loss, in any of 
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these areas, of the main bulk of the plantings 
on sour orange would be disastrous. 





The author would like to express his pro- 
found appreciation for the help extended to 
him by both growers and technical men in 
South America, since without their help it 
would have manifestly been impossible to 
cover the great area involved in the investi- 
gation. He would like to express particular ap- 
preciation for the help of Messrs. Guilherme 
Weinschenck and Roberto Castro of Rio de 
Janeiro, Dr. Agesilau Bitancourt of the Insti- 
tuto Biologico of Sao Paulo, Ing. Silvio 
Moreira of Campinas and Sr. Martin Prado of 
Campo Alto, Brazil. Without the help of these 
men and many others the long trip in Brazil 
would have been impossible. In Argentina my 


profound thanks are due Dr. Carlos Lloveras, 
President of the Society of Citriculturists of 
Concordia and the other two members of his 
committee, Sr. Carmelo Bovino and Sr. Guil- 
lerme von Wernich, who planned and carried 
out the very extensive trip through the citrus 
area of that country, and to Ing. Pellegrini, 
Regional Agronomo of the Concordia district, 
who helped throughout the trip with his wide 
knowiedge of the history of the development 
of the disease, and Ing. Schultz of the Experi- 
mental Station at Tucuman who assisted ma- 
terially in expediting the investigation in the 
northwestern area. There are many others 
who helped extensively and without whose 
help it would have been impossible to cover 
the situation but lack of space precludes men- 
tioning them all. 
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AND HOW TO KEEP IT OUT OF 
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The sour orange, Citrus Aurantium Iinn., 
has always been considered to be a very good 
stock for sweet oranges, grapefruits and tan- 
gerines in all of the citrus growing states of 
the United States except for certain very poor 
sandy soils. It has been especially valuable 
for use on heavy, wet and poorly drained 
soils. The sour orange is also very widely used 
as a rootstock in all the countries of southern 
Europe, Asia Minor, and North Africa as well 
as Australia. [Probably more than half of the 
citrus fruit trees of all of these regions are 
grafted on sour orange stock. 

The Sour Orange Worthless as a Rootstock 
for Sweet Oranges in South Africa 
and Java. 

For more than half a century it has been 


impossible to make a sweet orange tree grow 
healthily on a sour orange rootstock in any 
part of South Africa; such attempt grafts 
nearly always die within a year or two Dr. 
H. J. Webber, (11) well known for his out- 
standing work on citriculture both in Florida 
and California, studied thoroughly the citri- 
culture of South Africa twenty years ago for 
Department of Agriculture of the Union of 
South Africa and discussed in his report this 
mysterious failure of sour’ stocks in all parts 
of The Union of South Africa, regardless of 
the widely different soil and climatic condi- 
tions of this vast country nearly one third 
as large as the United States. In a paper pub- 
lished two years ago Dr. Webber (12) has 
given additional details regarding the death 
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of healthy young sweet orange trees on sour 
stock imported from the United States into 
South Africa. He attributes their death to 
the Tristeza disease which has very recently 
invaded southern South America as will be 
discussed below. 

Java, the largest, most highly developed and 
most populous of the islands of the Dutch 
East Indies has Tristeza apparently latent in 
all the sweet orange trees all over the island 
both in wet and dry regions, and at low and 
high altitudes. At any rate Dr. H. J. Toxopeus 
(10) was unable to grow sweet oranges graft- 
ed on any sour orange roots in spite of large 
scale rootstock testing experiments he con- 
ducted for several years in Java. As the Dutch 
have long been established both in South Af- 
frica and Java, it may be that Tristeza was 
introduced from South Africa into Java in 
the early days before the Suez canal was con- 
structed when travel between South Africa 
and Java probably was very much more ac- 
tive than now especially when both regions 
were under the Dutch flag. Any rooted layers 
of choice strains of sweet oranges such as 
were formerly used regularly by Dutch farm- 
ers in the Transvaal could have carried the 
Tristeza to Java although they would have 
shown no sign of it. There is, however, no di- 
rect evidence of the introduction of Tristeza 
from South Africa to Java such as will be 
given below for its recent introduction into 
South America. 


A Tristeza-like Disease Recently Discovered 
in Grafted Potatoes. 

Very soon after Tristeza reached the orange 
orchards of Argentina and had begun to kill 
thousands of bearing trees grafted on sour 
stocks, and shortly before it broke out in 
Brazil, a fatal disease very like Tristeza was 
discovered by Dr. W. P. Raleigh (6) while ex- 
perimenting with grafted potatoes. He had no- 
ticed that a seedling potato No. 41956, origi- 
nated at Beltsville, Maryland in the plots of 
the Division of Fruit and Vegetsh' 

Diseases of the U. S. Department of Agricul- 
ture, unlike almost all other potato seedlings, 
had remained immune to x-virus although it 
had been grown for several seasons alongside 


the Green Mountain potato variety known to 
be a carrier of x-virus. In 1936 he grafted 
Green Mountain scions with x-virus on roots 
of seedling 41956. The Green Mountain soon 
showed curling of the leaves and showed rapid 
decline while the seedling root showed severe 
necrosis and soon died outright along with 
the scion of Green Mountain. 

Both the Green Mountain and the seedling 
41956 grow perfectly well in Maryland if.they 
are not grafted as noted above. This is also 
true of the sweet orange and the sour orange 
in South Africa and southern South America, 
where both grow well on their own roots even 
though the sweet orange is undoubtedly a car- 
rier of Tristeza virus. This is discussed in 
more detail in two other papers (8, 9). 

Another important similarity of Raleigh’s 
potato disease to Tristeza is that the assimi- 
lated plant foods produced in the leafy top 
are unable to pass through the graft union 
and in consequence the root soon starves to 
death. 

The only difference as yet observed be- 
tween Tristeza of citrus and Raleigh’s potato 
disease is that scions of the Green Mountain 
potato, unable to transmit the plant food it 
has made in its leafy top through the graft 
union to the seedling 41596 root, form small 
tubers filled with starch at the base of the 
scion. The sweet orange scion of a tree af- 
fected with Tristeza is unable to form tubers, 
as it is a hard-wooded tree in contrast to the 
soft stemmed, herbaceous potato. The surplus 
food in the sweet orange scion was detected 
by Franco and Bacchi (4) dissolved in the cell 
sap of the tissues at the base of the scion 
where it raised decidedly the osmotic pres- 
sure, as will be discussed below. 

The Explosive Invasion of South America by 
the Tristeza Disease. 

Until a few years ago sweet orange trees 
have grown very well on sour orange stocks 
in Argentina and Brazil, but about 1931 a 
disease appeared in Corrientes Province in 
northern Argentina and soon began to kill all 
sweet orange trees grafted on sour stock, but 
not those grafted on rough lemon or on sweet 
orange stocks. In 1937 this disease reached 
the great orange-growing state of Sao Paulo 
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in southern Brazil, and within a few years had 
spread rapidly and was doing so much dam- 
age that it was named “Tristeza,” the sad or 
sorrowful disease, by Moreira (5) in 1942, 
after he had made a survey of the damage 
this new disease had done in this leading 
citrus growing and exporting state of Brazil. 
For the first time in history this insidious 
disease began to kill large sweet orange trees 
in full bearing. This destruction began in 
Argentine from 1932 on and then struck even 
more severely in southern Brazil. In South 
Africa no orange grower ever saw a sweet 
orange tree in full bearing die because it had 
been grafted on sour orange stock. In South 
Africa such grafted trees never grew beyond 
nursery stock size and none ever bore a 
single fruit. 

The tragic history of this unexpected, catas- 
trophic destruction of all the best orange trees 
in whole states and provinces in Argentine 
and in Brazil naturally alarmed the citrus 
growers to the utmost and justified Moreira’s 
tragic name “Tristeza,” which doubtless re- 
flects the feelings of the owners of splendid 
orange groves after they had made a visit to 
them on the urgent solicitation of the fright- 
ened manager. 

Bad went to worse and soon thousands upon 
thousands of fine old bearing trees were dying. 
It is estimated that from very small beginnings 
in 1937 to 1945, only eight_years, several mil- 
lion orange trees both large and small have 
been killed by this apparently incurable, 
highly contagious plague. 

Up to now the fullest accounts of Tristeza 
are to be found, as would be expected, in the 
rapers of Bitancourt, (1) Moreira, (5) and 
other authors they cite. 

Tristeza Studied by Brazilian Citrus Experts 

The best citrus experts were naturally 
called upon by the Brazilian governmental 
agencies to do everything in their power to 
discover the nature of the Tristeza and to find 
hhow to prevent its continued rapid spread. 

A very important discovery, made (as often 
happens) in several steps, was the astonishing 
finding that the food manufactured in the 
leafy top of the sweet orange tree never 
reached the sour orange rootstock, which first 
used its stored plant foods and then promptly 


died and killed the sweet orange top for lack 
of water and dissolved mineral salts it must 
receive from the root. 

This is very like the discoveries of Dr. 
Raleigh referred to above, and what he re- 
ported happening in his grafted potatoes is 
just what happens when a sweet orange scion 
carrying Tristeza virus is grafted on the Tris- 
teza-immune sour orange rootstock. The sweet 
crange scion does not develop at its base 
tubers filled with starch derived from the de- 
scending current of assimilated plant food on 
its way down to the root, but is cut off by a 
violent allergy which develops at the graft 
union between the scion and rootstock, ap- 
parently because the cells of the sour orange 
root refuse to receive and transmit to the 
growing roots below the virus-tainted food 
stuffs produced by the sweet orange scion. 
Franco and Bacchi (4), two Brazilian investi- 
gators studying Tristeza, published their find- 
ings last year which showed that the osmotic 
pressure of the cell sap expressed from the 
bark of the scion and from that of the root- 
stock are practically identical when the orange 
scion is grafted on a rough lemon or sweet 
orange rootstock. However, when sweet 
orange scions are grafted on sour stocks in 
southern Brazil, where Tristeza rages, the 
osmotic pressure of the cell sap of the sweet 
orange scion carrying Tristeza averaged 12.45 
atm. above the graft union while the cell sap 
of the sour orange rootstock below the graft 
union showed an osmotic pressure of only 
8.71 atm. on the average, that is 43% higher 
osmotic tension above the graft than below. 
Franco and Bacchi conclude that the root- 
stock finally dies because of the stoppage of 
the downward current of assimilated plant 
foods and then the graft also dies for lack 
of soil water from the roots. 


It was recently reported by Dr. A. A. Bitan- 
court (2) that the sour root of a sweet orange 
tree infected with Tristeza shows a rapid dis- 
appearance of starch in the wood of the roots 
in the early stages of the infection, even when 
the top of the sweet orange scion still seems 
to be perfectly healthy. 

Photographs recently received from the 
Instituto Biologico at Sao Paulo, Brazil, where 
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Dr. Bitancourt is stationed and is working 
actively on Tristeza (show that the depletion 
of the stored starch in the sour orange root 
starts from the outer layers of the wood just 
under the cambium layer separating the wood 
from the bark and proceeds toward the cen- 
ter of the root until only a very slender cylin- 
der of the wood at the center still contains 
starch which stains black with iodine solu- 
tion. This depletion of stored starch from 
the cambium inwards on sour rootstocks 
cecurs also in Quick Decline in California. 

I am convinced that the fairly high osmotic 
pressure observed by Franco and Bacchi in 
the cell sap of the cortical tissues of the sour 
orange root stock just below the graft union 
of a sweet orange scion suffering from Tris- 
teza does not prove that any of the assimilated 
food stuffs travelling down to the roots from 
the leaves of the scion are able to pass the 
violently allergic cells of the sour rootstock 
just below the graft union. What we now 
know regarding the rapid depletion of the 
stored foodstuffs of the sour root bearing a 
sweet orange scion carrying Tristeza virus 
simply means that the rootstock draws on its 
stored foodstuffs as long as it has any left 
and then dies itself and kills the sweet orange 
top through its failure to supply it with soil 
moisture, without which it can survive only 
a very short time. The sour orange root, 
deprived of the assimilated plant foods manu- 
factured in the leafy top of the sweet orange 
tree, draws upon its large supply of starch 
and other elaborated plant foods stored in 
the wood of the root which, transformed into 
soluble form travel down the cortex of the 
root and feed the absorbing rootlets, until 
finally the last reserves of food from the very 
eenter of the wood cylinder are exhausted, 
whereupon the rootlets sicken and die and the 
leafy top of the sweet orange top dies rather 
quickly. 

The introduction of Tristeza into Argen- 
tina and Brazil has recently been traced to 
importations of nursery stock of orange trees 
from South Africa. Bitancourt reports that 
such nursery stock, doubtless grafted on rough 
lemon rootstock (certainly not on sour 
orange) wa sintroduced into Argentina from 


South Africa “before 1930,” that is, just be- 
fore Tristeza broke out in Corrientes province 
in 1931. He also reports that a shipment of 
some 2000 young orange trees reached Brazil 
in 1933. This nursery stock was disem- 
barked at Santos, the seaport of the state of 
Sao Paulo, but was held up by the quarantine 
inspectors because of leaf disease they found. 
However, the trees were held for several 
weeks until they were found to carry “aphids 
and other insects’ whereupon they were all 
destroyed. Tristeza first appeared in Brazil 
soon afterwards in the coastal region near 
Santos! It is not improbable that some insect 
carried on the South African citrus nursery 
stock might have escaped while the nursery 
stock was being held in quarantine detention 
at Santos. 

Some vector, most probably a flying insect, 
must be present in South Africa, for Webber 
(11) reported, after his study of citrus cul- 
ture for the South African Government in 
1924 and 1925, that he had examined “several 
2- to 10-acre plantings of imported trees in 
several localities, of Valencias and Washing- 
ton Navels, budded on sour stocks in Cali- 
fornia and Florida, in which all of the trees, 
2 to 5 years after planting, were dead or in 
various stages of collapse. Many such trees 
were dug and carefully examined, but no evi- 
dence of any causal agent could be observed.” 

If all these orange trees, perfectly healthy 
when received from America, enough of them 
to plant a ten-acre field, were dead or dying 
2 to 5 years after they were planted, then 
there is very good reason to believe that some 
active insect vector was spreading Tristeza 
to them from South African orange trees, 
which I believe to be, all of them, infected 
with Tristeza but showing no sign if they are 
growing on their own roots or are grafted 
on sweet orange or rough lemon roots. 

In the State of Sao Paulo, Brazil, Tristeza 
has spread with amazing rapidity from the 
lowlands near the seaport, Santos, to the 
great orange groves of the uplands and in 8 
or 9 years has killed millions of orange trees, 
almost all of them grafted on sour stock, 
which when I saw them in May 1939 were 
in excellent condition and yielding large 
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crops of oranges of a quality which brought 
good prices in the British markets in early 
summer. These orange trees were, very many 
of them, of the famous Baianinha strain of 
navel introduced from Florida early in this 
century which stood the long sea trip from 
Santos to England much better than the larger 
but softer Baia navel, our Washington Navel*. 
Quick Decline 

A citrus disease somewhat resembling Tris- 
teza is the so-called Quick Decline attacking 
sweet orange trees in certain areas almost 
entirely in Los Angeles and Orange counties 
in southern California as shown by Stout (7). 
Like Tristeza, this disease attacks only orange 
trees grafted on sour orange rootstocks. 
Quick Decline is being very actively studied 
and has shown several important differences 
from Tristeza in symptoms, rate of spreading, 
speed of killing infected trees, etc. Dr. H. S. 
Fawcett (3), who studied Tristeza in Argen- 
tina, reports differences in symptoms between 
it and Quick Decline. 

The Insect Vector of Tristeza Must Be 

Kept Out of the United States! 

The first step in our defense against Tris- 
teza should be to send experts to South 
America (and perhaps also to South Africa) 
to discover the vector which carries Tristeza 
from tree to tree. Such insect vectors already 
carrying the virus of Tristeza could perhaps be 
carried in airplanes from South America in 
bouquets of flowers or in corsages taken to 
the airport in South America by friends of 
the passengers departing for Miami or New 


Orleans. Almost all flower gardens or nur- 


*The rapid decline of these Baianinha 
orchards from 1940 on was doubtless not 
due entirely to the ravages of Tristeza, but 
also to the lack of a profitable domestic 
market for the Baianinha oranges, which 
led to diminished care and lessened use of 
fertilizer for the still healthy trees. The 
trans-Atlantic shipments of oranges soon 
ceased as the submarine campaign grew in 
intensity after 1940. The Brazilians mostly 


preferred the larger, juicier Baia navels to 
the Baianinhas. 


series where flowers are produced in South 
America have orange trees growing in them 
and all sweet orange trees whether grafted 
on sour stock or not will carry Tristeza perm- 
anently. Insect vectors in such gardens might 
take refuge in flowers and thereby get free 
passage into the United States or one of the 
neighboring countries near by. These vec- 
tors, hungry for their favorite food, might 
easily fly to the nearest orange tree and in- 
oculate it with Tristeza. This must not hap- 
pen! 
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THE PROBLEMS OF WATER CONTROL 
IN FLORIDA 


Cc. KAY DAVIS 
Soil Conservation Service, U. S. Dept. of Agriculture 
Ft. Lauderdale 


During the greater portion of the one and 
one-half billion years of geologic time the 
climate was quiet and peaceful. It is gen- 
erally referred to as the “normal” climate 
since it extended over possibly 75 or 80 per 
cent of the time since the oldest rocks were 
laid down in western Ontario at the beginning 
of geologic time. The contrasts between sum- 
mer and winter were less pronounced. There 
were no wide variations from the average 
rainfall. It was during this period of normal 
climate that our soils were made and condi- 
tioned for our use. This quiet and peaceful 
weather cycle, however, was interrupted for 
comparatively short periods by four world- 
wide revolutions: periods of acute crustal un- 
rest. The world today is witnessing a revolu- 
tion probably as intensive as any of those of 
the past. Man made his appearance upon the 
Earth during this period. He has never known 
anything except heat and cold, hurricanes, 
tornadoes, cyclones, floods and drought. 

The earliest history of man shows his con- 
tinuous struggle with floods and drought. Four 
thousand years ago he was forced to retreat 
from the low lands in central Europe. He 
moved back about 1,000 B.C. and was chased 
out again during the floods starting about 850 
B.C. Similar histories have been traced for 
dwellers around lakes in northern Africa and 


the enclosed lakes of western and central 
Asia. Our present weather is just as unpre- 
dietable as it was during the early history 
of man, for we are living in the same glacial 
period. It can not be successfully fitted into 
climatic cycles. There does not seem to be 
much climatic rhythm to the recurrance of 
floods and drought. 

Since man must live in this period of cli- 
matic upset, he should make reasonable prep- 
arations to safeguard his possessions. He 
must of necessity learn to use wisely the nat- 
ural resources at his command, the greatest of 
which is water. If he is a producer of agri- 
cultural products, his principal concern is his 
land—the condition of the soil and the move- 
ment of water through the soil. 

There may be several different soil types 
on the individual plantation. The water re- 
quirements and water movement through each 
soil type will likely be different. Some soils 
are easily wet, others seem to possess a re- 
pelling agent. The installation of a drainage 
and irrigation system on the individual planta- 
tion to satisfy these and other physical condi- 
tions is rarely self-sufficient as an independent 
unit. A plan of water control for the individ- 
ual plantation nearly always extends beyond 
property boundaries. One arm of the water 


control plan will reach out for an assured 
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source of water supply for irrigation, and 
another arm of the plan will reach to a certain 
outlet for the discharge of excess waters. 

In any defined watershed there is a common 
source of supply and a common outlet for 
the discharge of flood waters. The water con- 
trol problems in this state, or any state, should 
therefore be divided into major watersheds 
and each watershed examined and the avail- 
able water supply determined so that the de- 
velopment in any particular watershed will 
not exceed the minimum supply required for 
agricultural and domestic use. 

Obviously, the management or control of 
water in any particular watershed will require 
a certain amount of supervision. A water 
control board should therefore be established 
and the membership determined by the acre- 
age rather than by the population within the 
watershed. It should be a big board. No three 
or four members board can be familiar with 
the complex problems over the entire water- 
shed. State and Federal agencies can render 
assistance in making geological and soils sur- 
veys, and measurements of surface and sub- 
surface water movements. This work should 
be done first and now. The planning of work 
by State and Federal agencies should be co- 
ordinated with control works planned for the 
watershed. Otherwise, construction works of 
outside agencies may later seriously interfere 
with an economical water control design. The 
water control plan for the entire watershed 
will take shape as pertinent facts are de- 
termined. 

The collection of basic field data is most 
important. Every basic fact should be estab- 
lished before funds are expended for the in- 
stallation of a drainage and irrigation system 
of water control. To give you an example of 
why we can not afford to accept conditions 
that may be apparent on the surface, I would 
like to mention a condition in the Everglades 
that was generally accepted until we made a 
thorough research investigation. Before the 
geological and soil surveys were made in the 
Everglades, it was generally believed that the 
potable water supply for Dade and Broward 
Counties originated in North Florida or Geor- 
gia and that the quantity was inexhaustible. 


Water wells south of Lake Okeechobee pro- 
duce a fair quantity of water. Wells in Dade 
County are highly productive. It was there- 
fore reasonable to assume that underground 
waters in the Lake region flowed into the 
wells in Miami. We made a geological sur- 
vey of the Everglades with the assistance of 
personnel from the U. S. Geological Depart- 
ment and found that the water-bearing rock 
in the Lake region tightens up toward the 
south and is practically non-waterbearing 20 
miles south of the Lake. Another waterbear- 
ing rock (the Tamiami formation) begins at 
this point, however, and it is this new forma- 
tion that supplies the agricultural and domes- 
tic requirements of Broward and Dade Coun- 
ties. These two counties then are entirely 
dependent upon the rainfall within their 
boundaries. There is no underground supply 
from the North. It will be interesting to see 
what practical application will be made of this 
information and how the people who live in 
these counties proceed to protect their water 
supply. 

Technical assistance can be made available 
to interpret the field data for an organized 
watershed. It may be advisable to use cer- 
tain sections within a watershed for water 
retention to prevent flooding of low lands 
during wet years. It may be advisable to use 
certain areas for a reserve supply during dry 
years. The geologic, soils and topographic 
survey will indicate where such areas may be 
established. 

We thaven’t been as conservation-minded, 
either of soil or water, in the past as may be 
necessary in the future. One of the principal 
freedoms that we associate with democracy 
is the freedom to exercise private initiative. 
The exercise of that freedom has in many 
instances resulted in unwise use of natural 
resources, sometimes to the disadvantage of 
adjacent lands. Yet I think it one of the 
satisfactions of democracy that when adverse 
effects of such exploitation have a certain 
amount of impact on a community, the ma- 
jority in that community take action to repair 
that damage by instituting conservation prac- 
tices. 

Your groves were better prepared to with- 
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stand a drought some years ago than they are 
today. They will be less able to live through 
the next period of low rainfall. You or I can’t 
make clouds or make the clouds rain. Neither 
can we stop the rain after it starts. The same 


rain may bring smiles to one man and frowns 
to his neighbor. Perhaps this is a result of 


too much diversification within a small area. 
The problem is already complex and confused. 
T. V. A. however found a solution to problems 
just as complicated, or perhaps more so. Each 
watershed in the State of Florida could begin 
now with the same procedure and pattern of 
water control. It will be easier today than 
tomorrow. 





WATER SOURCES AND SUPPLY FOR 
IRRIGATION PURPOSES 


J. G. KIMMEL, Sarasota, Palmer-Florida Corporation 


Natural precipitation of moisture from the 
air is the only practical means of supplying 
fresh water to the land. Florida is fortunate 
in this respect since it lies in a zone of fairly 
high precipitation. The average rainfall of 
better than fifty inches per year should be 
sufficient for most agricultural uses if it were 
distributed evenly per month. But to the 
contrary, rainfall is concentrated principally 
in the months of June, July, August and 
September, during which four month period 
over 50 per cent of the annual rainfall is 
found. Thus the rainfall for the other eight 
months of the year, during which period the 
maximum agricultural activity occurs, be- 
comes quite inadequate. The deficiency in 
average soil moisture is aggravated by the 
usual concentration of most of the remaining 
precipitation into a few heavy rains. There- 
fore, the practice of irrigation has been found 
to pay dividends, and is steadily on the in- 
crease. 

The sandy soils covering the greater part of 
Florida absorb much of the rainfall. But the 
heavy precipitation during the summer 
months saturates the soil and consequently a 
large run-off may be expected, the greater 
part of which can be termed as wasted. The 
supply of fresh water for all uses depends 
upon the amount of rainwater that enters the 
soil, and upon the amount of the runoff that 


is restrained from returning to the sea until 
it can be utilized. The numerous ponds, lakes, 
and flat waterways covering the state con- 
stitute restraining areas. 

An outstanding example of such a restrain- 
ing system is the Kissimmee River drainage 
basin, together with its receiving reservoir, 
Lake Okeechobee, and the final discharge 
across the Everglades. The annual runoff 
from this area is very large, and there should 
be no searcity of water for all available uses, 
if the proper controls are established. This 
is primarily a surface supply, lying in the 
lower lands, so the water users must be nearby 
the actual storage area or situated below the 
elevation of the stored water. In the case 
cited, a large area of land does lie adjacent 
to and below the principal storage basin, Lake 
Okeechobee, hence this source of water is a 
most valuable asset to the southern end of 
Florida, especially to the Miami sections where 
drainage through the Everglades furnishes 
water to the underlying Tamiami limestone. 

A large portion of the state is drained, nat- 
urally, through flat depressions, known locally 
as sloughs. These sloughs are often a series 
of ponds connected by swales or small gullies. 
The relief of such areas is generally so low 
that the depth of stored water is rarely over 
two or three feet. The high rate of evapora- 
tion, together with seepage losses, usually 
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dries up such storage before it is needed, and 
the flat terrain precludes the advisability of 
additional storage by artificial barriers, even 
though the adjacent lands would not be af- 
fected adversely by the higher water table. 

The most important source of fresh water 
in Florida, due particularly to its large extent 
and to its availability, is the large under- 
ground storage reservoir formed by a blanket 
of porous limestone covering the state. The 
principal water-bearing rock is known as the 
Ocala limestone. In part of the state two 
other important water-bearing formations, 
the Tampa and the Hawthorn, lie immediately 
above the Ocala. The openings or channels 
through these rocks, particularly the Tampa 
and the Ocala, are more or less interconnected 
both vertically and horizontally, thereby form- 
ing an immense underground storage basin. 
The Ocala limestone lies at, or relatively near, 
the surface of the land, in a dome extending 
from Polk County northwesterly through Su- 
wanee County. From its dome the formation 
dips downward in all directions. Fresh water 
from rainfall enters the Ocala in this area 
and in other areas where it is covered only by 
material that permits downward percolation 
of water. 

As the water-bearing formations dip down- 
ward from the dome, they become overlaid 
with a relatively impervious material. Once 
the water in the limestone has been passea 
under this impervious layer it cannot rise to 
the surface even when the surface of the land 
has dropped to an elevation lower than the 
lakes and the percolation areas supplying the 
water. Pressure is thus set up in the under- 
ground water system. A natural break or fis- 
sure in the impervious layer will produce a 
flowing spring when elevation of the land is 
less than the pressure head. A well drilled 
into the water-bearing formation likewise will 
permit water to rise in the hole to a height 
corresponding to the pressure and when the 
elevation of the land is low enough a flow 
will be produced. 

The provision of this impervious covering 
by Nature is of the utmost value in storing 
fresh water. Without such a covering numer- 
ous springs would arise along all lower water 


courses, and during dry weather the supply 
would rapidly drain away so that by the time 
irrigation water is needed badly, the springs 
would cease to flow. However, the principal 
advantage of the pressure in the water system 
is the fact that the depth of fresh water stor- 
age is greatly increased thereby. If there were 
no fresh water on or in the land, salt water 
would always be found at a depth correspond- 
ing to sea level. Therefore it might appear as 
though the only available storage for fresh 
water is in the pores or openings of the ma- 
terials lying above sea level. But it has been 
found that for every foot of elevation that 
fresh water stands above sea level, the salt 
water is forced down about thirty-eight feet 
due to the difference in specific gravities or 
relative weights of the two liquids. Near much 
of the Florida coast, under natural conditions 
water would rise in a well penetrating the 
artesian reservoir to an elevation of twenty 
feet or more above sea level. At this elevation 
fresh water can be expected up to a depth of 
20 times 38, or 760 feet below sea level. With- 
out an impervious cover on the water-carry- 
ing formation, no appreciable pressure could 
be developed therein at the coast, and salt 
water would be encountered in a well at about 
sea level. In some localities so many wells 
have been drilled through the impervious layer 
and the draft has been so heavy that the same 
effect has been produced as though there were 
no cover. When wells are pumped so hard that 
the drawdown approaches sea level, they will 
continue to produce fresh water, a large part 
of which comes from storage below that level. 
But as the fresh water stored below sea level 
is withdrawn, salt water rises to take its place, 
eventually reaching the intake of the pump 
or at least contaminating the fresh water, 
making it unfit for use. 

For ages, water has entered the porous 
limestones where they are exposed or cov- 
ered only by permeable materials. The soluble 
action of the water, seeping slowly downhill 
through the rock, formed cavities and chan- 
nels of varying proportions, thus creating a 
subterranean drainage system, the natural out- 
lets for which are numerous land and under- 
river springs, and sub-oceanic springs where 
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the fresh water-bearing rocks outcrop in the 
Gulf and in the Atlantic. Flow through this 
underground water system is produced by a 
fall in the elevation of the unrestricted sur- 
face of the water, quite similar to the manner 
in which a flow is produced in a surface 
stream. A measurement of this fall has been 
obtained by the U. S. 
surveys of many deep wells through the state 
in order to determine the elevation above sea 
level at which water stands in each well, or 
to which it will rise in the case of a flowing 
well. As one specific example of the gradient 
or slope of the unrestricted surface of the 
underground reservoir, it has been found that 
water in deep wells will stand at an elevation 
of over 120 feet above sea level at Winter 
Haven, 110 feet at Bartow, 65 feet at the 
northeastern corner of Manatee County, and 
80 feet or less near Sarasota, all of those 
points being on one direct line of flow from 
the maximum head in the reservoir toward a 
natural undersea outlet in the Gulf. A some- 
what similar slope of the water extends in all 
directions from the high point in the vicinity 
of Winter Haven. 

On the high lands of the recharge area— 
that area in which fresh water enters the 
water-carrying rocks—the runoff developed 
during periods of excessive rainfall is stored 
partly in ponds, lakes, and water courses. 
Many of these surface storage basins supply 
water to the underlying rocks. The subter- 
ranean water system therefore, as an 
outlet or drain for such surface storage, -just 
as a creek may drain a lake. However the 
creek will reduce the lake level only to the 
elevation of the bottom of the creek, while 
flow from the bottom of the lake into the 
subterranean drain will continue as long as 
any water remains. 

In the past very little water was withdrawn 
from the underground flow, from its source 
to the natural outlets. An abundance of water 
was available at that time for all users. As 
the practice of irrigation developed, more and 
more water has been taken by means of wells 
from the stream moving slowly through the 
rock beneath the surface. The amount of water 
supplied to the underground reservoir by 


Geological Survey by 


acts, 


natural means is more or less fixed, depend- 
ing upon distribution of rainfall, and there- 
fore the amount that can be withdrawn is also 
fixed. In this respect natural water supply is 
comparable to the water system of a city. It 
is well known that only a limited number of 
connections can be furnished by a water de- 
partment without impairing the service to its 
customers, unless the original supply is in- 
creased. The result of the heavy withdrawal 
of water from underground has been a gradu- 
al reduction of the height to which water will 
rise or stand in wells. At many places near 
the coast the reduction has reached the point 
where fresh water is completely exhausted. 
The farming section around Sanford has 
realized the depletion of their fresh water 
supply for many years. The manager of a 
large agricultural development near Vero 
Beach reports that their wells can be pumped 
only a few hours per day or the water will be- 
come too saline for use. With this knowledge 
in view, operators on the Palmer Farms near 
Sarasota have refrained from pumping their 
wells even though the natural supply thas be- 
come insufficient by itself. 

Another result of the excessive draft on 
wells is an increase in the underground water 
gradient from the surface storage basins in 
the recharge area, and, therefore, a greater 
rate of seepage or underground drainage from 
lakes and other bodies of water in that area 
has occurred. This has affected adversely 
those users of water who depend upon the 
natural surface storage for their supply. 

The influence upon the general water supply 
of either natural or artificial withdrawal in 
any manner and from any place in the system 
makes evident the necessity for water conser- 
vation by all users. Many growers, who de- 
pend upon irrigation for successful operations, 
have observed with alarm that the original 
water supply has been diminishing continu- 
ously. Depletion of the natural supply is not 
peculiar to Florida. Wherever a large amount 
of water has been drawn from natural stor- 
age, either surface or underground, a reduc- 
tion in the quantity available always follows, 
generally to the point where it becomes neces” 
sary to augment the supply artificially, or to 
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abandon some of the current usage. If precipi- 
tation during part of the year is sufficient to 
cause an unused runoff to the sea, or if other 
losses occur in the system, there usually can 
be found some means for conserving at least 
part of this wasted water. A committee ap- 
pointed by the Governor made a very com- 
prehensive study of the situation in Florida, 
and it was hoped that the recommendations 
of this committee would be followed to such 
an extent that the state could take initial steps 
toward conserving our wasted water. How- 
ever, it seems that nothing of value, state- 
wide, has been accomplished for the present. 
The need of water conservation is very ur- 
gent, and much good can be done through lo- 
cal effort. The objection to this mode of pro- 
cedure lies in the fact that the overall picture 
may not be too apparent and, therefore, it is 
difficult to obtain support for any project 
in which the desired results may not be di- 
rectly evident to all. Furthermore, the inter- 
dependence of all large underground water 
supplies, surface storage at the source of 
these supplies, and withdrawal or discharge 
of water from any part of the system, whether 
naturally as a spring or artificially as dis- 
charge from wells or as withdrawal from 
lakes, makes the area affected so extensive 
that development of a general plan of water 
conservation is beyond the scope of present 
local political bodies. 

For the present, water can be conserved or 
kept available for use by prevention of waste 
and of loss of those waters which are stored 
in or on the ground by nature. The most 
obvious way to conserve the natural water 
supply in the combined surface and under- 
ground system is to use the minimum amount 
of water necessary, and to see that all flow- 
ing wells are closed when not in use. The bet- 
ter soils are usually found on the lower 
lands, where drainage is necessary part of 
the year for the development of farms. If a 
drainage system has been constructed, pro- 
vision should be made for holding water in 
the canals or drains as thigh as farming op- 
erations will permit during the dry season. 
Irrigation requirements will then be materially 
reduced. Furthermore, the water draining 


into the canals often can be used as a supple- 
mental supply for irrigation. Such a program 
is being carried out in a drainage district at 
Sarasota. The crop produced in this develop- 
ment is celery, the water requirements for 
which are hiigh. The primary supply of water 
for irrigation comes from flowing wells. At 
first for a few seasons, the natural flow from 
the wells furnished ample water. However, 
the concentration of many wells produced the 
usual result, a large reduction in head, and 
finally many of the wells failed to deliver the 
required quantity of water by natural flow. 
Ordinarily pumps are installed on the wells 
under similar circumstances. But it has been 
demonstrated without doubt, that the pump- 
ing of a concentration of wells near the coast 
will lead eventually to salting of the supply. 
Therefore, a series of dams was constructed 
in the drainage canals to hold the water level 
as high as the lower lands would tolerate. Two 
benefits are achieved thereby. First, the water 
requirement is reduced due to the smaller loss 
by seepage. Second, the water stored in the 
canals can be pumped back upon the farms. 
Thus ample water has been maintained for 
crop production even though the flow from 
wells has dropped to less than one-third the 
original output. 

Even with the utmost conservation of water, 
the amount furnished by wells in the Sarasota 
area continues to diminish slowly, which in- 
dicates that the demand exceeds the supply, 
that is, more water is being used than flows 
down from the recharge area in Polk County. 
Hence the difference must come from the 
water stored below sea level. Drawing upon 
the reserve supply progressively reduces the 
head which causes the wells to flow, and as 
a consequence more and more of the wells 
on the higher lands will cease to flow until 
an equilibrium is set up between supply and 
discharge. 

With these facts in view, it is evident that 
the underground water system is comparable 
to the water supply of a city where the num- 
ber of customers has become excessive. In 
the latter case the condition can be improved 
by making sure there are no losses such as 
leaks in the pipe lines, and by installing addi- 
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tional pumping equipment to supply more 
water. The ground water supply can be bet- 
tered in a somewhat similar manner. There 
are enormous leaks and losses in the under- 
ground water system. Local concern in the 
flowing well districts is over the fact that 
some abandoned wells are running wild, and 
others which are being utilized during the 
growing season, are allowed to flow to waste 
the remainder of the year. This loss is ap- 
parent to all interested in water and should 
be reduced to the limit. Still, the water lost 
in this manner is such a small percentage of 
the total water used that complete elimina- 
tion of this loss probably will tend only 
slightly to improve the situation. 

Specific leaks that undoubtedly have a con- 
siderable effect upon artesian water head in 
central Florida are the springs, occurring 
mainly on or along the slopes of the dome 
of the Ocala formation, particularly on a line 
across the state which includes Silver and 
Blue Springs. The fact that the elevation to 
which artesian water will rise is about fifty 
feet lower around Silver Springs than at 
points forty miles both to the north and to 
the south is evidence that ground water stor- 
age is reduced to a great extent by discha"ge 
from the numerous springs. The region of 
large springs is also a region of large recharge 
because the covering is principally a pervious 
sandy soil, and a large part of the discharge 
of the springs undoubtedly is of local origin. 
However, the slope of ground water from 
north and south toward this region indicates 
that the springs may draw heavily upon ad- 
jacent water storage, especially during the dry 
season. 

In this same region, where the water-bear- 
ing rocks are near the surface, the beds of 
several of the rivers or parts thereof are in 
direct contact with the top of the underground 
reservoir. During flood stage water passes 
from the river into the underlying formations 
thus building up the water table under adja- 
cent lands. Then during low river level the 
converse is true and water is lost from under- 
ground storage to river flow. Parts of the bed 
of two prominent rivers contribute materially 
to the losses from the underground reservoir 


in this manner. They are the Suwanee and 
the Withlacoochee Rivers. The Oklawaha 
River and the St. Johns River in the vicinity 
of Lake George, while not bedded directly 
upon the upper surface of the reservoir, 
nevertheless receive an enormous quality of 
underground water that rises in the form of 
numerous small springs and seepage through 
the thin covering on the water-bearing rocks. 
Many of these losses of potential irrigation 
water, both by individual springs and by river 
drainage, could be reduced if the low water 
stage were kept at a higher elevation by dam- 
ming the rivers at strategic points and raising 
the outlets of the springs. Of course, leakage 
still will continue through the natural under- 
ground channels, even at a greater rate dur- 
ing dry weather than occurs at present, but 
this is more than offset by decrease in surface 
runoff. That it is feasible to dam a river flow- 
ing over and through porous terrain has been 
proved by the Florida Power Company’s dam 
across the, Withlacoochee below Dunnellon. 
In addition to conservation by reducing 
leaks, the supply of both surface and under- 
ground water can be augmented by develop- 
ment of greater surface storage, particularly 
on the higher lands, and over those areas 
where the artesian water level is at or near 
its maximum. The latter will be naturally a 
good recharge area. Three such main areas 
are found in the peninsula. One extends from 
Orange Lake northerly to the Georgia line; 
another lies west of and parallel to the Su- 
wanee River; while the third embraces what 
is known as the Lake Region and the Ridge 
Section, the center line extending roughly 
from Leesburg southeasterly through Winter 
Haven and along the ridge west of Lake Istok- 
poga. The latter area with its numerous lakes 
has exceptionally good possibilities for sur- 
face storage. Many of the depressions, into 
which a very limited amount of water may 
drain, have no outlet, and the quantity going 
to surface storage depends altogether upon 
the amount and rate of rainfall. But many 
of the larger lakes in well established drain- 
age basins are connected by waterways, either 
natural or artifical. Here, then,isan oppor- 
tunity to increase surface storage by damming 
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the outlets. Where such surface storage con- 
tributes to the underground reesrvoir, the sup- 
ply of water to wells drawing from this res- 
ervoir will be increased also. 


A new method of conserving water, now 


going to waste through surface streams or 
impounded in shallow depressions lying on 
an impervious base, has been suggested by a 
study of the effect of the drainage wells in 
Florida, particularly those in Orange County. 
In the vicinity of Orlando many wells have 
been drilled through an impervious layer into 
the underlying porous rocks. These wells are 
used for such purposes as the disposal of sur- 
plus storm water, control of lake levels, drain- 
age of lowlands, or the disposal of effluent 
from septic tanks. 

The following is a quotation from the U. 
S. Geological Survey, Water Supply Paper, 
773-C, by V. T. Stringfield: 

“In areas where there is artificial drain- 
age of surface water into wells, the water 
levels in the other wells may rise several 
feet during and after periods of heavy rain- 
fall. The record of a continous water-level 
recorder on a well near Ocoee, in Orange 
County, shows the marked influence of 
drainage wells in that vicinity. Although no 
water entered the mouth of the recorder 
well, there was a rise in water level after 
each rainandthe maximum rise was about 
6 feet, during a 3-day period. At Orlando, 
in Orange County, where there are numer- 
ous drainage wells, water levels in wells 
rise as much as 10 feet after periods of 
large rainfall.” 

A report on ground-water conditions in Or- 
lando and vicinity was made in 1944 by Mr. 
A. G. Unklesbay of the U. S. Geological Sur- 
vey in cooperation with the Florida Geologi- 
cal Survey and the Corps of Engineers, U. S. 
Army. In his report Mr. Unklesbay states 
that a notable characteristic of the under- 
eround water surface is the sheif-like feature 
in the vicinity of Orlando, which results from 
local recharge through the drainage wells. 

Since a notable effect upon ground water 
levels has been produced by wells used for 
drainage alone, it appears feasible to increase 
ground water supplies s:milarly in other areas 


a= 
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where the original supply has become danger- 
ously low from overdraft, provided certain 
conditions exist. The principal requisites for 
the development of a practicable recharging 
system are: first, the elevation of the land 
must be higher than normal water level in 
wells; second, rain must produce a relatively 
large surface runoff; third, the facilities for 
storing at least part of the runoff in order 
to feed the wells between rains must be con- 
structed economically; and fourth, a rock for- 
mation of good water-transmitting capacity 
miust lie within a reasonable depth. 

The manner in which the underground res- 
ervoir may be recharged artifically can be ex- 
plained best by describing one particular lo- 
cation where such an undertaking appears to 
be feasible. The areas that especially need 
rejuvenation of their underground water sup- 
ply are those lying near the Coast, due to the 
danger of salt water intrusion if the head 
becomes much lower. Such a condition now 
exists in the farming sections of Manatee and 
Sarascta Counties. A description of the way 
in which the largest group of water users 
in Sarasota County are meeting the situation 
has been given already. Manatee County 
farms cover a much greater area and, as a 
whole, are not located so that the same pro- 
gram can be carried out. When the natural 
flow from wells became inadequate, pumps 
were insia‘led on the wells, and the drawdown 
has now become so great that slight intrusion 
of saline water has been reported in some 
local'ties. 

Since there is no question but that the pres- 
ent water supply for irrigation is becoming 
inadequate and is headed definitely for com- 
plete exhaustion at the present rate of use, 
a group of the water users in both counties 
have become interested in a proposed plan 
for recharging the underground reservoir lo- 
cally. (Practically atl of the farming operations 
in the area are conducted on the lower lands 
near the coast, where the wells flow, normally, 
or where there is only a small lift. Conse- 
quently, recharge through the irrigation wells 
is not practical. However, about ten miles east 
of the farming sections, the land rises rapidly 
to an elevation of 80 to 100 feet above sea 
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level, while the elevation of the top of the 
underground water as measured in deep wells 
stands at about 40 feet above sea level. The 
natural drainage of these high lands is through 
several series of interconnected ponds form- 
ing what are known locally as sloughs. The land 
is chiefly flat-woods pine underlaid with hard- 
pan at a depth of 18 to 24 inches, and, there- 
fore, due to the shallow depth of absorbent 
soil, the storm runoff is heavy. The plan for 
recharging the underground water formations 
proposes the construction of substantial earth 
dikes across narrow sections of the sloughs 
in order to impound flood waters, and the 
construction of a suitably screened intake 
well on the upstream side of each dike. The 
dikes will be built well above the maximum 
height of the impounded water and at such 
selected places that water in excess of quan- 
tity impounded will spill around the end of 
the dike through palmettos to an adjacent 
pond below, and no expensive spillway need 
be constructed. Successive dikes and wells will 
be about one-half mile apart, this being the 
distance that the lower dam will back the 
water up the slough. 

Suitable terrain for the location of recharge 
wells that will benefit the farming section un- 
der consideration extends from northeastern 
Sarasota County, north and northwestwardly 
across Manatee County, thus lying directly 
across the path of natural flow of under 
ground water from its source in Polk County. 
No definite boundary for the area in which 
natural recharge occurs hhas been established, 
in fact it is reasonable to assume that the 
surface covering of the water-bearing rocks, 
considered as a whole, gradually changes from 
highly permeable near the center of the re- 
charge area, to impermeable at a point down 
the slope of the rock formation where the 
overlying deposits of materials, such as clay 
and marl, have become continuous and thicker. 
Where no large losses to the surface occur, 
the beginning of a rapid decline in the eleva- 
tion to which water in deep wells rises, indi- 
cates the ending of recharge. Based on this 
theory recharge ends a few miles west of a 
line running through Lakeland and Bartow. 
The distance from this line to the Manatee- 


Sarasota farming section is forty miles or 
more. As water flows away from its high point 
in Polk County it spreads laterally like a fan. 
Where the flow is beneath an impervious sur- 
face covering for a long distance, as in this 
case, the quantity which moves through a 
given area at the head is spread over several 
times that area near the Coast. If a heavy 
draft is maintained regularly at the coast, a 
large drawdown of wells is required in order 
to obtain the head necessary to speed up the 
flow of water through the smaller cross-sec- 
tion at the edge of the intake or recharge 
area. However, drawdown is limited on ac- 
count of the danger of salt water intrusion. 
Therefore, the introduction of additional 
water to the underground supply by means 
of a battery of recharge wells located across 
the path of natural flow, and a relatively short 
distance from the points of draft, should pro- 
vide material aid in maintaining an adequate 
supply. 

It cannot be expected that surface water 
for supplying the wells will be available con- 
tinuously, even with a maximum development 
of surface storage. The recharge through 
drainage wells at Orlando is necessarily quite 
irregular, but a notable effect on the under- 
ground water level is obtained, nevertheless. 
Some doubt has been expressed as to whether 
the water inducted through wells would ever 
reach the desired places. Wherever a program 
of artificial recharging becomes neecssary, the 
surface of the underground water in that 
area is always depressed. If the wells are lo- 
cated on the upstream side of the area of use, 
the water is bound to flow toward this area 
of low head. Higher water levels or pressures 
will extend upstream from the wells, when 
they are working to capacity. But the water 
is only restrained or, rather, stored in the 
fresh water reservoir by forcing the under- 
lying salt water further down, and hence will 
become available during periods of dry 
weather. 

In order to obtain some concrete informa- 
tion as to the rate at which water can be 
forced into the ground at the proposed site 
of recharge, Sarasota and Manatee Counties 
have agreed that each will construct an experi- 
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mental well. The Sarasota well thas been com- 
pleted and went into operation during the 
storm of June 23, 1945. The initial flow into 
the well was quite satisfactory. Unfortunately, 
the torrential rains broke the freshly-built 
dike, and the ensuing turbulent flow of im- 
pounded water eroded the channel badly, caus- 
ing a large amount of mud and s:]t to enter 
the well. The intake dropped overnight to 175 
gallons per minute at which rate it has con- 
tinued to flow. Pumping the well for several 
hours should clear the openings in the rock 
and restore the original intake capacity. It is 
expected that the Manatee County well will 
be constructed as soon as weather conditions 
will permit. 

Investigation of the efficacy of recharge 
through the experimental wells and other 
studies that may be needed have been au- 
thorized by the U. S. Geological Survey, in 
cooperation with the Florida Geological Sur- 
vey, Mr. Herman Gunter, Director. The work 
will be done under the direction of Mr. H. H. 
Cooper, Jr. and Mr. G. E. Ferguson, engineers 
for the ground water division and the surface 


water division, respectively, of the U. §&. 
Geological Survey. Several water-level record- 
ers have already been installed on the nearest 
surrounding wells. The studies of the surface 
water division, in conjunction with the main 
objective, might point the way toward the 
solution of Florida’s excess water problem by 
ascertaining what effect the storing of water 
to supply recharge weils might have upon the 
flood flows experienced in most large drain- 
age basins. Many small upper tributaries of 
streams, for instance those of Peace River, 
seem to be promising sites for artificial re- 
charge, and any decrease in the amount of 
flood water discharge would be beneficial to 
large parts of the lower valleys. 

Reports on the studies of the water supplies 
of Florida have been made from time to time 
by the Florida Geological Survey and the U. 
S. Geological Survey. Their concept of the 
source and movement of ground waters is 
quite generally accepted, and has been used 
as the basis for the suggestions for conserva- 
tion of water as outlined in the foregoing 
discussion. 





THE UNITED STATES HORTICULTURAL 
COUNCIL AND THE FUTURE OF 
CITRUS EXPORTS 


J. WAYNE REITZ 
United Growers & Shippers Association, Orlando 


Horticultural interests the country over are 
aware of or should be aware of their stake 
in the export market. Prior to the outbreak 
of World War II the volume of export of 
fruits was being maintained or increased while 
the export of other agricultural products was 
on the decline. In fact, of food products, fruits 
led the list in exports and for the five-year 
period ending with 1938 constituted 13 per- 
cent of the total agricultural exports. Thus, 
it is important that foreign outlets be recog- 


nized as an important means of relieving the 
pressure of future supplies on our domestic 
market. 

At the same time that horticultural inter- 
ests are aware of the importance of exports, 
they are also cognizant of the fact that for 
years to come there may be serious impedi- 
ments to international trade. Through govern- 
ment controls not only of our own but of 
other countries and through lack of proper 
organization within the horticultural indus- 
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try, the possibilities of maximizing our exports 
may be missed. 

To assist in meeting some of the problems 
with which the horticultural industry will be 
faced in its export operations, there is now 
being formed an organization known as the 
United States Horticultural Council. The 
name of this counci] may be somewhat mis- 
leading to a group familiar with the functions 
of the Florida State Horticultural Society. It 
is a perfectly good name, however, so far as 
the groups represented are concerned. The 
purposes of the Council, as outlined at an or- 
ganization meeting, are as follows: 

1. To collect, assemble, compile, analyze, 
and distribute statistical and other in- 
formation relating to export trade in 
fresh and processed fruits, vegetables 
and nuts commercially grown in the 
United Sjtates, and the products thereof. 

2. To cooperate in the formulation, en- 
couragement and promotion of plans for 
export trade in horticultural commodi- 
ties. 

3. To provide a means for close collabora- 
tion between the various government 
agencies and the horticultural industry 


of the United States in all matters relat- 
ing to export trade in horticultural com- 
modities. 


4. To prepare factual data for, to inform, 
to consult, to advise with, and to make 
recommendations to, the Secretary of 
Agriculture, the Secretary of Commerce, 
the Federal Trade Commission and other 
government agencies in the formulation 
and execution of any program which will 
develop export trade in horticultural 
commodities. 

The Council is composed of representatives 
from eleven commodity groups. These groups 
consist of apples, pears, citrus fruits, table 
grapes, stone fruits, dried fruits, tree nuts, 
canned fruits, canned vegetables, fresh vege- 
tables, and potatoes and onions. Each of these 
groups has one vote on the Council but may 
be represented by as many as five individuals. 
Potentially then, there could be fifty-five rep- 
resentatives on the Council even though only 


eleven votes would be cast when decisions are 
being made. 

The Florida citrus industry has taken a very 
active part in the formation of this Council 
to date and has been honored with the selec- 
tion of Mr. Marvin H. Walker as national 
chairman. Representing the Florida citrus in- 
dustry is a Florida State Committee consist- 
ing of Messrs. Lorin Bice, Chairman and Al- 
bert Connelly, R. A. Fender, C. E. Lindsey, 
C. C. Rathbun, and M. H. Walker. 

As indicated in the purpose of the organi- 
zation, the Council will be primarily concerned 
with general policy affecting foreign trade in 
horticultural products. As such the organiza- 
tion will confer with and advise the appropri- 
ate government agencies on such problems as 
exchange control, quota restrictions, tariffs, 
transportation, and the like. Unless our hor- 
ticultural interests are kept well informed of 
the action taken by our own and other gov- 
ernments as they affect foreign trade, and 
unless we can advise in the action taken, it 
can be very easy for certain groups to obtain 
concessions at the expense of citrus and other 
fresh fruit interests. 

While the United States Horticultural 
Council has important functions to fulfill of 
vital interest to the Florida citrus industry, 
it does not follow that we should rely on it to 
regain and expand our foreign outlets. That 
we must do ourselves. It is not the purpose 
of the Council to dictate what we shall do, but 
only to facilitate through our government and 
foreign governments those programs which we 
contemplate carrying out. 

In evaluating the future of citrus exports 
from Florida, statistics of the past, while help- 
ful, are at best only indicative of what may 
be done in the future. The situation exists be- 
cause the purchasing power of foreign coun- 
tries, government control of foreign trade, 
and competing areas of supply have under- 
gone drastic changes. We do know that up 
until the outbreak of World War II the United 
States exported, on the average, approxi- 
mately 7 percent of the orange crop and 5 to 
6 percent of the grapefruit crop, as shown by 
Table I. Beginning with the 1939 season ex- 
ports fell drastically insofar as Europe was 
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concerned, but since Canada was and has been 
our chief customer, orange exports in terms 
of boxes equalled approximately the pre-war 
average but dropped to about 5 percent of 
the total production because of the increase 
in production. 


TABLE I. UNITED STATES ORANGE 
AMOUNT AND PERCENT OF FRESH 


1942-43 8! 


Oranges 


U.S | | 
|Production| Exports | Percent 
Year (1,000 (1,000 Ex- 
| boxes) boxes) ported 
1929-30 31,829 2,189 6.9 
1930-31 55,060 1.936 | 9.0 
1931-32 49,902 3,203 6.4 
1932-33 51,615 3,394 6.6 
1933-34 47,174 3,296 7. 
1934-35 63,988 5,425 8.5 
1935-36 52,073 4,209 8.1 
1936-37 | 54,588 | 2,488 4.6 
1937-88 | 74,285 7,597 10.2 
1938-39 78,531 6,471 8.2 
1939-40 75,742 3,828 5.0 
1940-41 | 85.510 4,360 5.1 
1941-42 $5,163 4,570 5.4 
1942-43 89,316 4,908 5.5 


Source: Agricultural Statistics 1944. United 


In the case of grapefruit, exports were 
fairly well maintained even during the war, 
since Canada customarily absorbed the great 
bulk of such movement. Percentagewise, ex- 
ports of grapefruit were on the decline prior 
to the war, as shown in Table I. However, this 
decline i by pi 


1 ° e.-.4 7 . ‘ see 
largeiy cifset by a ‘api pand- 


ing volume of canned grapefruit scciments 
and grapefruit juice. From the 1935-36 
through the 1939-40 season the equivalent in 
boxes of processed grapefruit exceeded that 
of fresh shipments going into export. 

Unfortunately statistics on exports are not 
broken down by areas of production. Hence, 
of the total we do not know the amount origi- 
nating in Florida. For orange exports, Coli- 
fornia no doubt supplied a large portion, es- 
pecially in overseas trade. In the case of 
grapefruit segments and juice we do know 
that Florida shipped the bulk of these prod- 
ucts. 
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If one considers the year 1938-39, the last 
full season before the outbreak of the war, 
almost 10,000,000 boxes of citrus, including 
that in processed form, were shipped from 
the United States. This figure includes ship- 
ments to Canada of 4,380,000 boxes of 


AND GRAPEFRUIT PRODUCTION WITH 
FRUIT EXPORTED, 1929-30 THROUGH 


ASONS 
Grapefruit 

U.S 

Production Exports Percent 
(1,600 (1,000 | Ex- 

boxes) boxes) | ported 
11,215 809 1.2 
18,690 1,361 1.3 
15,181 1,119 7.4 
15 0014 905 | 6.0 
14,672 1,000 6.8 
21,347 1,022 | 4.8 
18,347 928 | 5.0 
30,670 704 2.3 
$1,183 1,004 3.2 
43,594 1,235 | 2.8 
35,192 811 | 2.3 
42,883 808 | 1.9 
40,261 855 2.1 
50,481 | 1,069 | 2.4 
States Depariment of Agriculture. p. 168. 


oranges and grapefruit or 56 percent of our 
fresh citrus exports. In a country with an an- 
nual production of from 150,000,000 to 180,- 
000,0000 boxes of citrus, this amount may 
not seem significant. However, finding an out- 
let for an additional 10,000,000 boxes can 
substantially increase prices. Using 1933-44 
relationships, when winter orange production 
increased 1,000,000 boxes, there was a 3.4 
cents decrease in price per box. The compar- 
able figure for grapefruit was 2.7 cents per 
box., Thus exporting 5,000,000 boxes of win- 
ter oranges and 5,000,000 boxes of grapefruit 
could increase the overall price received by 
growers by 17 and 14 cents respectively. With 
increased production the same relationships of 
1933-44 probably would not prevail. However, 


, Estimates by Dr. H. G. Hamilton, Univer- 
sity of Florida. See Citrus Magazine, Febru- 
ary, 1945, p. 10. 
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if the 17 cent figure for oranges were re- 
duced to 10 cents and the 14 cents for grape- 
fruit to 8 cents, the benefits to Florida grow- 
ers could reach $7,750,000, as a result of ex- 
porting &,000,000 boxes of oranges and 5,000,- 
000 boxes of grapefruit. This would be the 
case assuming that the net price for exports 
was the same as the domestic price. In other 
words, exporting these amounts, even if done 
only by a segment of the industry, would hold 
approximately an eight million dollar um- 
brella over the entire industry because of in- 
creased domestic prices due to finding outlets 
abroad. If then, in the post-war period our 
pre-war volume of exports can be maintained 
and even expanded, the stake that every citrus 
grower has in maximizing our exports becomes 
apparent irrespective of the particular groups 
or individuals who carry on the export opera- 
tions. 

It is extremely important that the citrus 
interests of Florida exhaust all avenues for 
expanding citrus exports. However, if this is 
to be done we shall have to depart from the 
methods followed in the past; namely, using 
Europe and other overseas markets as a 
dumping ground for poor quality citrus, ship- 
ping under unfavorable conditions, moving a 
wide variety of grades and brands, and spas- 
modiec movements of supplies. Instead a pro- 
gram needs to be adopted which will insure 
(1) steady supplies consistent with market 
condition abroad, (2) uniform quality, (3) 
a very limited number of brands, (4) ship- 
ping facilities including first-class refrigera- 
tion, and (5) adequate facilities and repre- 
sentation abroad. 

To carry out such an export program will 
require that citrus interests in Florida assume 
their fair share of the job to be done. To al- 
lay any misconceptions, it should be recog- 
nized that prices received from abroad on in- 
dividual shipments or even for periods of a 
month or more will not equate with domestic 
prices. If prices abroad at a given time are 


» Assuming an annual production in Flori- 
da of 50,000,000 boxes of oranges and 35,- 
000,000 boxes of grapefruit. 


lower than domestic prices, uniform supplies 
should be continued on the assumption that 
under a sound market program seasonal prices 
in the foreign market will equate with do- 
mestic prices. As a matter of fact, in the de- 
velopment of an export policy it may be nec- 
essary to consider average prices on a two- 
to five-year basis rather than on a seasonal 
basis. If, by equal participation, groups within 
the industry could obtain prices equal to do- 
mestic prices over a five-year period and, by 
following an aggressive policy, find an out- 
let for a few million additional boxes annu- 
all, they not only would benefit themselves but 
would render great assistance to the Florida 
citrus industry. 

There is every reason to believe that Can- 
ada will continue to be our major foreign cus- 
tomer of citrus fruit. The mechanics of hand- 
ling shipments to Canada present no problem 
to shippers since individual concerns have de- 
veloped connections for car lot sales. How- 
ever, where the brightest outlook for expan- 
sion exists is in England and some of the 
northern European countries, where large car- 
goes, are involved. England normally took 
the bulk of citrus exports from Spain but 
the pre-war production of 36,000,000 boxes 
of oranges in Spain is reported to now be 
nearer 12,000,000 boxes. Another important 
source during the period when Florida would 
crdinarily ship to England was Palestine, 
where again it is reported that the pre-war 
production of 14,000,000 boxes has been re- 
duced to 5,000,000 or 6,000,000. It is there- 
fore, evident that even if England should not 
import citrus fruits at the pre-war level there 
will be, for several years at least, a potential 
market for 10,000,000 boxes annually of 
oranges in Great Britain coming from areas 
other than the usual source of supply. 

In getting a foothold in this potential mar- 
ket, Florida is in a peculiarly favorable posi- 
tion because shipping facilities probably will 
be made more quickly available to Florida in- 
terests than to competing states. Furthermore, 


, This factor together with the technical 
difficulties and risks involved almost precludes 
individual shippers from overseas trade. 


we 
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Florida has a freight rate and time advant- 
age to the European market over any com- 
peting domestic area. 

It would be unfair to conclude this discus- 
sion without mentioning two very important 
factors as they immediately and in the long 
run affect our export market. At the moment 
the greatest barrier to export trade is foreign 
exchange. Great Britain is in dire financial 
distress, especially from the standpoint of 
dollar exchange. Until this bottleneck is 
broken, through a loan or other means, there 
is little hope for exports to the British Isles. 
Individual Englishmen have the purchasing 
power to buy the volumes indicated, but if 
the British Government does not release dol- 
lar exchange for this purpose no purchases 
can be made. 

The second important factor is that if we 
seek outlets abroad, we must provide some 
means for countries to make payment. There 
are only two important ways of doing this,— 
through loans or the purchase of goods and 
services abroad. Loans, at the best, are only 
a stop-gap. Consequently, if the Florida citrus 


industry is not willing to lend its support to 
a national policy of exchanging goods and 
services with other nations, it cannot and 
should not expect much, in the long run, from 
an export deal. If we haven’t learned it, let 
us now learn the simple lesson that in the 
long run any nation which sells abroad must 
also buy abroad an equivalent in goods and 
services. This does not require that we buy 
from an individual country the same amount 
of goods and services that we sell to it. To 
some countries we shall sell more then we 
buy; from others we shall buy more than we 
sell. However, through the medium of multi- 
lateral trade among countries, exports and 
imports can be equalized. 

In spite of the limitations mentioned, if we 
will do the job which needs to be done in 
building our export market, the opportunities 
appear to be greater than many imagine. With 
capable leadership and by giving proper back- 
ing and cooperation to the program of the 
United States Horticultural Council in work- 
ing out major policies and problems, the 
Florida citrus industry can play a prominent 
part in post-war foreign trade. 





THE PLACE OF AGRICULTURE IN OUR 
STATE AND NATIONAL ECONOMY 


D. E. TIMMONS 
Office of Agricultural Relations Adviser, O. P. A., Washington 


It is indeed a real pleasure to be back in 
my home state again and have the honor of 
discussing with you some of our agricultural 
problems. 

I want to say in the beginning that Florida 
farmers have responded splendidly to the Na- 
tion’s call for abundant supplies of food and 
fiber, so vital to the war effort. The farmer 
has been a real soldier and has done his job 
well. 

Now that the war is over we must adjust 
our economy to the post-war era. We must 


prepare to enjoy the peace and freedom we 
have won after one of the hardest struggles 
in history. 

In this transition period from war to peace 
there are in my judgment many problems that 
farmers must face that may be as serious as 
those he has had during war times. The farmer 
must readjust to an almost entirely new 
economy. His whole energies have been on 
how to produce more and more. This em- 
phasis was in response to the Nation’s em- 
phasis on the importance of food as a weapon 











84 FLORIDA STATE HORTICULTURAL SOCIETY 


of war. The demand for food has been so 
great that there existed what we call a seller’s 
market. The farmer under these conditions 
can direct more attention to production, since 
the buyer comes to the farmer, so to speak. 
But now with a decrease in demand the 
farmer necessarily should give more thought 
to how, when, and where to sell his produce. 

Before discussing agricultural problems, let 
us take a look at the farmer’s economic status. 

The farmer was in a relatively favorable 
financial position at the close of the war. His 
capital position has improved since the be- 
ginning of war from 54 billion dollars then to 
83 billion dollars now. He has less debt and 
more liquid assets than usual. Still we must 
remember that not all his liquid assets are 
net savings. His farm buildings need repair, 
his machinery has depreciated and his soil has 
probably been over-cropped, but nevertheless 
he is in a relatively good financial position. 

Will he be able to maintain this favorable 
status? There are at least two schools of 
thought on this subject. One is quite pessi- 
mistic and the other fairly optimistic, provid- 
ing a high level of employment is maintained 
and prices for things farmers buy are kept at 
reasonable levels. 

First I will review the more optimistic 
point of view on the demand situation for 
agricultural products. The more pessimistic 
side and also the supply situation will be 
analyzed later. 

Full employment, high national income and 
favorable prices for things farmers buy are 
very important factors in the farmers’ success. 

To have full employment, the U. S. Depart- 
ment of Commerce estimates that by 1950 
civilian employment in the United States will 
have to total about 56 million. This allows for 
2 million normal unemployment and perhaps 
2 million in the armed forces. During 1943 
(a year of full employment), civilian jobs 
amounted to a little over 52 mililon. To have 
full employment by 1950 we need about 4 
million more jobs than existed in 1943 (in- 
creased population and returned service men 
make the difference). Incidentally, agricul- 
ture is expected to employ about 8 million— 
that is 1/7 of all jobs will be in agriculture. 


Any unemployment in excess of 2 million 
would be considered above normal and would 
have a serious effect on agricultural prices. 

In addition to a full employment goal, it 
is estimated that if agricultural prices are to 
be kept at 100 percent of parity, a net na- 
tional income of 150 billion dollars is neces- 
sary. In 1943 agricultural prices were 119 
percent of parity or 19 percent above the goal 
of 100 percent. That means that the most 
optimistic groups estimate agricultural prices 
in terms of parity will be lower in the post- 
war period. 

Some may ask: How did agricultural prices 
ever reach 119 percent of parity? One part 
of the answer is that prices on many agri- 
cultural commodities were raised by Govern- 
ment purchase and subsidy programs to stim- 
ulate production. Another part of the answer 
is that along with full employment in 1943 
wage earners were not able to buy many con- 
sumption goods, such as automobiles, radios, 
electric appliances, gasoline, etec.—they had 
more money for food. This additional money 
resulted in demand for better and more ex- 
pensive foods. 

Actually, farmers have been getting a 
larger than usual proportion of the consumer’s 
dollar. In 1944 the proportion of the con- 
sumer’s dollar going to agricultural producers 
amounted to 53 percent. This has varied from 
a low of 32 percent during the depression to 
a high of 53 percent last year. For fruits and 
vegetables the producer got 35 percent in 
1939, and during the war aimost the same 
percentage as for all food. With the return 
of other consumption goods, consumers will 
likely spend less for food. 

Nothing has been said thus far about the 
import-export situation. It is hoped that there 
will be a greater exchange of goods and serv- 
ices with foreign countries. Even though the 
proportion of exports represented by agri- 
culture has tended downward, we look for a 
material increase in export of citrus fruits, 
possibly lard, and dairy products. The out- 
look for cotton and wheat exports is not so 
favorable. Agricultural exports represented 


about 37 percent of all exports in 1925-29. 
Present trends indicate that not over 20 per- 
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cent of all exports will be agricultural by 
1950. 

The export market is important to produc- 
ers of some commodities, but the American 
farmer generally is more concerned about the 
domestic market. He is anxious that domestic 
consumers have the money to buy his prod- 
ucts at fair and equitable prices, 

Actually, I think Florida farmers should 
be more concerned about the employment 
situation than most farmers. Florida farmers 
produce more of the semi-luxury crops and 
those that the consumer buys if he has more 
money than actually needed to buy the bare 
necessities of life. 

Such crops as wheat and potatoes (early 
potatoes not considered like late potatoes) 
will not fare as favorably under high income 
levels as fruits and vegetables. For other items 
like beef, pork, poultry, dairy products and 


tobacco, demand increases when income is 
high. 
What I have said thus far is based on the 


assumption of full employment and high na- 
tional income. Even with full employment 
and high national income, farm prices are 
not expected to exceed parity. Some estimate 
that unemployment may reach 8-10 million 
before the 1945-46 crop is marketed. That 
means the unemployed must use savings to 
buy food. Will they buy the more staple foods 
and fewer fruits and vegetables? 

Later, after discussing the supply situation, 
I will discuss the more pessimistic view of 
the demand situation. 

History shows that once agricultural pro- 
duction is expanded it is very difficult to 
contract it. Since 1909, the date of the be- 
ginning of the base for most agricultural price 
index numbers, total agricultural production 
has tended upward at a fairly constant rate. 
There was a period in the early 30’s when 
agricultural production decreased some. This 
was due in part to the drought and possibly 
in part to the crop reduction program of AAA. 
Some economists, however, argue that with 
the possible exception of cotton, the efforts 
of AAA to reduce agricultural production 
were rather insignificant. 

The low point in agricultural production' 
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since 1921 occurred in 1935. Since 1935 the 
trend has been upward at a very rapid rate. 
The following figures illustrate some of the 
changes in agricultural production since 1940: 

Corn expanded from 86 to 97 million 
acres. Wheat expanded from 4% to 59 
million acres. Soybeans doubled, flaxseed 
and peanuts increased markedly. 

Large carry-over of corn and wheat 
along with imports made livestoek ex- 
pansion possible. 

Meat production 50 percent more than 
before the war. Lard up 85 percent. 

Eggs and chickens increased 50 per- 
cent. 

Cotton decreased from 24 to 20 million 
acres. 

Farm population decreased 20 percent. 

Number of farms decreased 10 per- 
cent. 

Production of food increased about 1/3 
and all agricultural product‘on increased 
about 28 percent. Since World War I 
total agricultural production has in- 
creased about 50 percent. This was done 
in spite of the farmer’s inability to get 
all the machinery and labor he needed. 
Relatively chean fertilizer, good weathe~ 
and long hard hours made this splendid 
record possible. 

The statement was made earlier that once 
agricultural production is expanded, it is dif- 
ficult to contract it. It has expanded ma- 
terially, as has been shown. I also mentioned 
the fact that we could not possibly hope for 
more than parity with full employment and 
high national income. If we fail on our goal 
of full employment and high national income, 
will the nation again find it necessary to try 
to control agricultural production and to in- 
stitute surplus removal programs, price sup- 
ports, producer subsidies, and relief measures 
as it did following the last war? 

The problem of readjustment of production 
is more serious in agriculture than in indus- 
try. Actually, industrial production and prices 
follow the same general trend, but agricul- 
tural production tends to remain high even 
with disastrously low prices. 

To illustrate, let us take the years 1924-29 
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as a base and see what happened to produc- 
tion and income in agricultare and industry. 
Between 1924 and 1940 agricultural produc- 
tion varied relatively little. The low point was 
in 1935 with an index of production of 92, 
the high year 1940 with an index of 111. In- 
dustrial production on the other hand had a 
low point of 61 in 1932 and high of 132 in 
1940. Though agricultural production only 
varied from 92 to 111, industrial production 
varied from 61 to 132. 

What happened to cash farm income and 
income from manufacturing during this 
period? Agricultural income varied from an 
index of 61 in 1932 to 132 in 1940. Income 
from manufacturing varied from an index of 
52 in 1933 to 111 in 1929 and 1940. Actually, 
eash farm income follows fair!y closely the 
same trend as income from manufacturing. 

With unemployment and low national in- 
come, the farmer would likely witness de- 
pression similar to that experienced following 
the last war. In some ways he is better pre- 
pared than following the last war, as he has 
more cash, less debts, and the possibility that 
prices of things he buys will be kept at reas- 
onable prices. 

The return of too large a number of soldiers 
to the farm would further complicate the 
farm production problem. In the absence of 
a program for settling 
soldiers on farms and if the majority of farm- 
ers who left agriculture during the war do 
not return, the farm population, estimated to 
contain now about 1% million too many farm- 
ers, will fairly well adjust itself when older 
men now farming retire. 

I have already indicated that a more con- 
servative demand outlook than I have so far 
discussed is foreseen by some for agriculture. 
They fear that history will have a tendency 
to repeat itself. Many have faith that we will 
nrevent the severity of the last agricultural 
depression, but they expect that: 

1. Agricultural production will remain at 

high levels. 

2. The demand for farm products will not 

be sufficient to maintain present prices. 

3. Within 2 to 4 years agricultural sur- 

pluses may be expected. (We already 


numbers of 


large 


have a surplus of cotton and potatoes 
and will likely have a wheat surplus soon. 
Winter truck crops and citrus for the 
current season will likely bring less per 
unit than for the last three seasons and 
and by 1946-47 will encounter serious 
marketing problems.) 

4. The relationship of prices of things a 
farmer sells to those he buys will be less 
favorable. 

5. Government support of price programs 
will apply to only a few Florida crops. 
(Actually, in view of the present pro- 
duction outlook, one wonders if we are 
prepared to support present agricultural 
production if demand drops sharply.) 

6. Lots of people now working (old people, 
women and children) will soon cease to 
be gainfully employed, thereby reduc- 
ing total expendable income. 

7. We are likely to experience agricultural 
cepression in a couple of years that may 
last a long time. (The supply of agricul- 
tural products during the next decade 
may increase more rapidly than de- 
mand.) 

Those who predict a long period of agri- 
cultural depression, base their prediction on 
these facts: 

i. Agricultural production has tended to 

increase at a rather constant rate. 

2. Birth rate is not expected to maintain 
its present level, and actually may be 
almost static before long which means 
fewer consumers in proportion to farm 
production. 

3. Farm birth rate is higher than urban 
birth rate which results in surplus farm 
people. Movement from farm to city is 
not fast enough to absorb surplus farm 
population. 

4. Rapid advances will occur in farm tech- 
nology in spite of lower prices. This ten- 
dency accelerates the surplus problem, 
but farmers feel they must employ 
cheaper production methods to stay in 
business. 

There are exceptions to such a conclusion 

as these forecasters make. While in their 


opinion the agricultural outlook generally is 
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pessimistic, they would agree that large seg- 
ments of agriculture will continue to be 
profitable. You will recall that even when 
citrus prices were lowest, some producers 
made money. The farmers who have good 
yields, low costs and a good outlet will con- 
tinue to make money, even under generally 
depressed conditions. 

In either case, whether the pessimistic or 
the more optimistic view of the agricultural 
outlook is correct, I am sure that the farmers’ 
situation will fall short of being as satisfac- 
tory as it ought to be. From a national stand- 
point, we can strive for a general atmosphere 
fair to agriculture. I mean by “fair,” one that 
assures full employment and a high national 
income so that consumers will be able to buy 
farm products at fair and equitable prices. 
Farmers should insist that the ratio of things 
they buy be fair as compared to the things 
they have to sell. 


From an organization or industry stand- 
point, farmers must strive aggressively for 
their fair share of the consumer’s dollar. Their 
marketing organizations should strive for 
more efficient marketing practices and should 
persuade consumers to dispense with certain 
expensive services. Producers of fruits and 
vegetables and their marketing agents should 
stress more than ever before the importance 
of producing and marketing quality products. 
Of importance, too, is insistence that produc- 
ers receive price differentials for quality in 
proportion to additional prices consumers pay 
for quality. 

On their own farms, farmers will of neces- 
sity find it to their advantage to employ the 
most efficient technique in production, though 
in the aggregate this may mean increased 
production beyond their ability to sell. Farm- 
ing will be very competitive and the less ef- 
ficient may find the going rough. 





WHAT PEACE MEANS TO THE FLORIDA 
CITRUS GROWER 


H. G. HAMILTON 


College of Agriculture, University of Florida, Gainesville 


A better title to what I am going to say 
would have been “What Peace May Mean to 
the Price of Florida Citrus.” To a very large 
extent we are going to appraise the peace in 
terms of prices. If prices are high for citrus 
fruits, citrus growers are going to believe that 
the peace is good. If prices are low for citrus 
fruit they are going to think that the peace 
is bad. Of course, the peace may not have 
anything to do with the price of citrus fruit. 
However, we are so price conscious that we 
tend to appraise things whether good or bad 
in terms of price. Most of what is known of 
the future is in the light of what is known 
of the past. The facts presented here may 
give a basis for appraising the future. 


Price of Citrus in Relation to All Prices.— 
The price of citrus fruits has a tendency to 
fluctuate about the general price level; some 
years it is above and other years below, but 
the broad, long-run movements of both closely 
correspond. The pattern for the past 35 years 
is shown in Figure 1. The index of prices of 
all commodities was 225 in 1920 as compared 
to 100 in the pre-World War I period. The 
index of prices of Florida citrus fruits was 
276 in 1920 as compared to 100 in pre-World 
War I. For the year 1944, the price of all 
commodities in the United States was 152 as 
compared to pre-War I prices of 100. The 
price of Florida citrus fruits was 165 in 1944 
as compared to 100 in pre-War I. The price 
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of all commodities increased less during World 
War II than in World War I. The price of Flor- 
ida c:trus fruits increased percentage-wise al- 
most as much in World War I as in World 
War II. 

The price of Florida citrus fruits is closer 
associated with the price of all farm com- 
modities than with the price of all commodi- 
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ievel or of all farm prices will influence the 
price of citrus fruit. 

Prices in Postwar P€riods.—The United 
States has gone through three major wars 
previous to World War II—the War of 1812, 
the Civi] War, and World War I. Prices in 
all three of these wars rose to similar levels 
by the time the wars ended. In the War of 
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ties (Fig. 2). It will be observed that the year 
to year fluctuations of the price of Florida 
citrus fruits is much more erratic than the 
year to year fluctuation of all farm prices. 
The year to year fluctuation in price 
most individual commodities is greater than 
the year to year fluctuations of all farm 
prices. From these data it is reasonably safe 
to assume that the course of the general price 


of 


1812 the index of prices of certain basic com- 
modities was approximately 240 as compared 
to 100 in 1910-14; the Civil War prices were 
200 as compared to 100 in 1910-14; and 
World War I prices were 215 as compared 
to 100 in 1910-14. Prices following the War 
of 1812 fell rapidly during the first 18 months 
and then fell gradually for 114 months. Prices 
in the period after the Civil War advanced 








8s 


FLORIDA STATE HORTICULTURAL SOCIETY 








i 

iO ODO me me eee 
--k 
_—- © 

~<“<«<2e°" 
ia ie ee ee a ee a eee zp 
eesti -” 
ll o 
aanvenoe s 
ad 44 
». ke 
‘) = 
& 


— — 
—<_- «os 
— oe oe ee 
—— 
-_—— — 
-—— 


_~- 
"= = 
— 
_-_— 





1935 1940 


1930 
Years 
1910-14 = 100 


1925 


1920 








r 
4 


ndex. 


280F 
240 Fr 
160 F 


40Fr 





Fig. 2. Indexes of U. S. Farm Prices and Florida Citrus Prices 








90 FLORIDA STATE HORTICULTURAL SOCIETY 


for 6 months, fell fairly rapidly at a uniform 
rate for 66 months, then fell gradually for 
96 more months. Prices after World War I 
fell slightly for 6 months, then advanced very 
fast during the next 12 months, reaching a 
peak of 260. During the next year prices fell 


Index 


the price pattern was not uniform, but was 
(Fig. 3) erratic in each period. 

Professors Pearson and Myers (of Cornell 
University) have studied in great detail the 
price movements in many countries. The data 
in Fig. 4 show the trend in price movements 
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Fig. 3. 


from 260 to 125, rose during the next two 
years to 160 and then fell gradually for 84 
months, and then fell very rapidly for 24 
months. In all three wars after the first 4% 
years the major fluctuation of prices was 
over; however, prices continued to fall gradu- 
ally for seven to ten years longer. For the 
first 4% years following the end of these wars 


in the postwar period of World War I for 
England, Italy, Germany and Finland. In 
three of the four countries prices fell slightly 
during the first six months after the Armis- 
tice, and then in all four countries during the 
next year rose rapidly. Except in the case of 
Germany, prices fell in all countries after 
reaching this peak. Not only is the trend in 
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Following Wars, by F. A. Pearson, W. I. Myers and J. H. Lorie, 


Farm Economics, May, 1945. 


prices in these countries of interest, but the 
degree of the rise is important. At the close 
of World War I prices in England were 2% 
times as high as in pre-war, in Italy 5% times 
as high, in Finland 7% times as high, and in 
Germany 2% times as high. At the end of 
18 months prices in England were 3% times 


as high as pre-war, in Italy 7% times as high, 
in Finland 12 times as high, and in Germany 
14 times as high. In five years after the War 
Germany had gone into wild inflation and 
prices were more than a million times as high 
as they were at the close of the war. The pat- 
tern of prices in the post-war period of World 
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War I of other countries differed as much 
as those shown here. In general, the losing 
countries had greater inflation than the vic- 
torious countries. Practically all of the Eu- 
ropean countries, whether involved in combat 
or not, had considerable inflation. 

During World War II greater effort has 
been made to control the general price level 
than in World War I. It is, of course, diffi- 
cult to appraise the effectiveness of price 
regulations. Farm prices and wages in the 
United States rose to about the same degree 
in World War II as in World War I, but other 
commodities rose less. According to the Bu- 
reau of Labor Statistics the price of all com- 
modities rose considerably less in World War 
II than in World War I. 

Not enough is known about the factors af- 
fecting the general price level to determine 
definitely what course prices may take in the 
peace following War II. It is probable that the 
fiscal policy of the Federal Government, par- 
ticularly with respect to a balanced budget, 
will prove to be one of the outstanding influ- 
ences on the general price level. National in- 
come and wage rates may be other factors. 
The degree that world trade can be restored, 
the policy of the Federal Reserve Board, the 
policy with respect to the gold content of 
the dollar and many other factors may influ- 
ence the course of prices. Large demand de- 
posits, saving in bonds and cash should af- 
ford a backlog to tide over the purchasing 
power of unemployment resulting in the re- 
conversion period. There are still signs of in- 
flation. Perhaps one of the greatest dangers 
of inflation would be a long period of unem- 
ployment which would result in a badly un- 
balanced budget. 

Effect of Support Prices for Basic and 
Steagall Commodities on Citrus. In an effort 
to maintain prices at approximately the ex- 
isting levels we are apt to have much Govern- 
ment regulation. The Government has already 
obligated itself to support the price of basic 
agricultural commodities and the Steagall 


commodities which make up approximately 65 
to 70 percent of the agricultural production 
of the nation. These prices are to be supported 
at approximately 90 percent of parity until 


January 1, 1948 if the war is officially de- 
clared over by December 31, 1945. Should 
the war not be declared officially over by 
December 31, 1945, the support price pro- 
vision will extend at least until January 1, 
1949. In World War I the official end of all 
hostilities was not until July 2, 1921, or over 
2% years after the Armistice. 

The Government has made no_ dec- 
laration as to the quantity of the commodi- 
ties for which prices will be supported. Pre- 
sumably it is intended that the quantity to 
be supported will be at approximately peace 
time production. Citrus is not in the price 
support group. The Congress has not com- 
mitted itself as to how these prices will be 
supported.* They may be supported by loans 
for some commodities in which a loan of 90 
percent of parity will be made on commodi- 
ties which can be stored. This would mean 
that rather than take a price which is less 
than 90 percent of parity, farmers would bor- 
row from the Government 90 percent of parity 
prices on these commodities. Under such an 
arrangement huge government stocks are ac- 
cumulated. In some cases the Government 
may go out, as probably will be done in the 
case of potatoes this year, and purchase suf- 
ficient quantities of the commodity to bid 
the price up to 90 percent of parity. The po- 
tatoes purchased may be used to help feed 
Europe this winter or they may be diverted 
to feed, or to some other use. Another method 
of supporting farm prices is the use of di- 
rect subsidy payments to farmers. In case of 
a subsidy program the price of the commodity 
would be allowed to seek its own level and 
farmers would be paid the difference between 
the actual price received and the 90 percent 
of parity price. Since the price of citrus fruit 
may be affected by the price of all agricul- 
tural commodities, citrus growers are inter- 


* Section 8a, Stabilization Extension Act 
1944, provides for loans on basic commodities 
for two years after the war. Section 3, Stabili- 
zation Extension Act of 1944, provides that 
ALL LAWFUL ACTION shall be taken to as- 
sure producers parity on all basic and Steagall 
commodities. 
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ested in the type of price support that is to 
be used on the basic and Steagall commodi- 
ties. If prices are supported through loans or 
purchases this will insure the consumers price 
of these commodities to be high or at ap- 
proximately the same relation to other prices 
as now exists. This would have a tendency, 
since citrus may be substituted for some of 
the price supported commodities, to pull the 


price of citrus fruit up. On the other hand 
if subsidies are paid to farmers the price of 
the commodity will seek its own level and 
will be lower to consumers than if supported 
through loans or purchases. This would mean 
that citrus would receive no beneficial effect 
from the price support program of the basic 
and Steagall commodities. Because of the 
enormous debt, Government regulations, and 
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shortage of both durable and non-durable 
goods, it is believed that prices in general will 
not fall to the extent they fell in 1921. Such 
a decline in price would be a serious obstacle 
to the tranquillity of the Post War Economy. 

Uniform Prices or Price Fioors.—In the 
same way that the wage earner is interested 
in continuous employment at reasonable rates 
of pay, farmers are interested in uniform 
prices from year to year at reasonable levels 
with other prices. Since 1933 much effort 
and money have gone into programs aimed at 
insuring uniform prices at reasonable levels 
for agricultural commodities. These programs 
have not succeeded too well. For the most 
part, although there are some exceptions such 
as the stamp plan, purchases for relief, school 
lunch programs, etc., these efforts have been 
made on the supply side of the price equation. 
At the beginning of the year it has been as- 
sumed that these prices—reasonable level of 
prices—could be obtained by restricting the 
production of these commodities. There are 
two reasons why such a program did not work. 
One was that the production could not be 
definitely forecast because of weather and 
other factors over which the Government has 
no control. The other reason, and perhaps the 
more important, is that the demand for the 
commodity could not be forecast. I believe 
that we can illustrate the difficulty of main- 
taining uniform prices by the use of a chart 
which shows the actual price of Florida 
oranges and the estimated price (Fig. 5). 
First, it should be pointed out that major fac- 
tors determining the price of Florida winter 
oranges from 1933 to 1945, inclusive, were 
the supply of winter oranges and the national 
income. During this period an increase in the 
supply of oranges by one million boxes caused 
a decrease in price of about 3% cents per 
box, and an increase in the national income 
of one billion dollars was accompanied by an 
increase in the price of oranges by about 2% 
cents per box. These two factors, variation in 
production of winter oranges and variation 
in national income, explain most of the year 
to year fluctuation in the price of Florida 
oranges; however, the size of crop of compet- 
ing commodities may affect the fluctuation 


slightly, particularly in time of war. In order 
to have uniform prices of oranges, either 
both factors must be moderately controlled 
or one factor must be controlled to extreme 
limits. The solid line in Fig. & shows the actu- 
al price of oranges for the seasons 1932-33 
to 1944-45, inclusive. The dot-dash line shows 
the estimated price of Florida oranges when 
the winter orange production is fixed at 47.5 
million boxes per year with national income 
and other conditions as they existed. The 
broken line shows the estimated price of 
Florida oranges when the national income is 
held at a uniform figure of 90 billion dollars 
per year, the production of winter oranges 
and other conditions being as they were. Note 
the extreme fluctuations in both cases. Had 
winter orange production been the same each 
year the price of oranges would have fluc- 
tuated from about 0 in the 1932-33 season to 
$2.48 for the 1944 season because of the 
fluctuation of national income and other vari- 
able factors. Had national income been held 
constant from 1933 to 1945 the price of 
oranges would have still fluctuated from 26 
cents per box for the 1943-44 season to $1.96 
per box for the 1933-34 season because of 
the variation in winter orange production and 
other variable factors. If the national income 
is to fluctuate between 42 billion dollars and 
160 billion dollars as was the case from 1933 
to 1945, then in order to have uniform prices 
of oranges the supply of winter oranges go- 
ing ou the market would have to fluctuate in 
about the same proportion as the national in- 
come. A fixed supply of oranges going on the 
market with a fluctuating national income 
would result in fluctuating prices. The only 
way to have uniform prices is to vary the 
supply in the proper proportion to the varia- 
tion in national income. It is obvious that a 
so-called planned production program cannot 
give the desired results. This is not to say that 
it would be impossible to have a minimum 
price for winter oranges. If the Government 
is powerful enough, in money and politically, 
it could conceivably peg the price of a com- 
modity at any level. 

There are many proposals for maintaining 
minimum prices for agricultural products. 
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The chief ones—loans, outright purchases and 
consumer subsidies such as the food stamp, 
school lunch and relief purchase program, and 
a subsidy to producers—have been mentioned. 
In the past, loans to farmers at levels higher 
than normal prices for such supply and de- 
mand conditions then existing have usually 
resulted in the accumulation of large sur- 
pluses. These huge surpluses in themselves 
are price depressing. Outright purchases also 
result in the accumulation of surpluses if the 
product is stored. If it is diverted to some 
other use it not only competes with some other 
product but results usually in a large loss of 
Government money. Consumer subsidies such 
as the stamp program and school lunch pro- 
gram are less objectionable but are expensive 
to administer and do not always give relief 
where needed most. A subsidy paid direct to 
producers might be expensive to administer 
but it would permit market prices, at the dif- 
ferent levels of trade, to operate normally. 
The cost of a producer subsidy program can 
immediately and easily be ascertained where- 
as purchase programs may be in operation 
for many years without knowledge as to what 
the cost will be. Since producer subsidies 
would not raise prices to consumers but let 
them operate at normal levels for existing 
supply and demand conditions, an increase in 


the supply taken by consumers would result 
because of the low price. Since citrus fruits 
thhave not reached all potential markets this 
would help to develop new markets which 
would increase the demand for citrus fruit in 
future years. 

A more satisfactory situation than any of 
the price support programs would be one of 
full employment at good wage rates (not at 
high minimum rates) which would result in 
satisfactory prices so long as production was 
reasonable. If production became too great 
then it could be adjusted at the margin by 
permitting some acreage to go out of produc- 
tion. This is the process that was followed up 
to 1933. Such an arrangement does not mean 
that some growers will have to go on relief. 
It may only mean that some land can be used 
more profitably in other ways or that pro- 
ducers can find more profitable employment 
in other industries. 

Because the problem of price support is 
apt to confront the public for some time, the 
citrus industry should appraise all proposals 
in order they may choose wisely if supports 
are necessary. Many problems are tied up 
with price support, one of the most important 
being international trade. It should be re- 
membered that any price support program 
tends to be antagonistic to international trade. 





THE RESEARCH PROGRAM OF THE 
FLORIDA CITRUS COMMISSION 


L. G. MacDOWELL, Lakeland 


The research program of the Florida Citrus 
Commission has just completed its third and 
most active year. Projects initiated in the 
past are now beginning to mature and to yield 
definite results. In the following paragraphs 
certain of these more advanced projects will 
be discussed. 

I. FROZEN CITRUS CONCENTRATES 

One of the most significant developments 


is frozen citrus concentrates. Because of their 
importance to the industry and also because 
a certain amount of confusion exists towards 
the products involved, these products, their 
inception, and their preparation will be dis- 
cussed in some detail. 

Early in the summer of 1943 the writer 
was drawn to the conclusion that certain in- 
herent drawbacks which hindered consump- 
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tion of frozen single-strength orange juice 
and conventionally prepared orange concen- 
trates could be overcome by a judicious com- 
promise of the two products. A concentrate 
was visualized which could be marketed as 
a frozen food. Such a concentrate would im- 
mediately surmount two serious obstacles, one 
of which confronted each of the two afore- 
mentioned products. The slowness with which 
frozen single-strength juice melted would be 
overcome because the water added to the 
frozen concentrate would furnish the heat 
necessary to melt the ice particles present. 
At the same time a cool drink would result. 
The most serious obstacle confronting con- 
ventional concentrates was the high tempera- 
ture filling which was felt necessary to en- 
sure a sterile product in a sterile container. 
A frozen concentrate would not have to be 
hot-filled, in fact probably would not have 
to be pasteurized at all. 

(a) Freezing Concentration Method 

With the above thoughts in mind, the Hor- 
ticultural Laboratories of the Agricultural 
Experiment Station at Gainesville were ap- 
proached with the view of experimentation 
along this line. It developed at this time that 
Dr. A. L. Stahl of these laboratories had been 
working on a process which would remove the 
water from orange juice in the form of ice. 
This happy circumstance was made to order 
for the project in mind, and plans were made 
immediately to accelerate Dr. Stahl’s work 
so as to determine the best concentrations for 
the final product and the best conditions for 
obtaining it by the process he was using. 

A cooperative project was set up and dur- 
ig the 1943-44 season the Florida Citrus Com- 
mission furnished additional personnel and 
experimental equipment to the Experiment 
Station. The results obtained were so encour- 
aging it was felt that the Commission would 
be justified in installing a pilot-plant to manu- 
facture frozen concentrate by this freezing 
concentration method. This was done and dur- 
ing the 1944-45 season a pilot-plant was in- 
stalled in Gainesville and is now in operation. 

The freezing concentration process is essen- 
tially what the name implies. Water is re- 
moved from a solution, in this case a citrus 


juice, by freezing the solution and removing 
the water in the form of ice. This procedure 
may be continued until the eutectic point of 
the solution is reached, the eutectic point be- 
ing the concentration at which water and dis- 
solved solids are deposited simultaneously. 
This process has been known for many years 
and certain modifications of it were the sub- 
ject of a patent as early as 1899. Numerous 
investigations have been made since that time, 
and it is hoped with the help of this knowl- 
edge and with modern machinery that the 
process can be modified so as to be commerci- 
ally adaptable to citrus juices. 

Private manufacturers in the state have 
been impressed by the final product, and in 
the late spring of 1944 one plant which had 
been set up in Orlando manufactured several 
thousand gallons of frozen orange concen- 
trate by the freezing concentration method. 
During the past year, a similar plant was 
erected in Haines City. 

(b). By Evaporation with the Addition of 

Fresh Single-Strength Juice. 

In the early spring of 1944, it occurred to 
the author that a good quality frozen con- 
centrate might be prepared by a modification 
of the vacuum evaporation method. This 
would permit the production of frozen con- 
centrate by facilities already existing in 
Florida. Accordingly, orange juice was con- 
centrated by low temperature evaporation to 
about 65 degree Brix (7 fold), diluted with 
fresh orange juice to about 42 degree Brix 
(4 fold) and the mixture frozen. Again, the 
frozen concentrate proved to be so good that 
experimentation in this method has been vig- 
orously prosecuted during the past eighteen 
months. This portion of our research program 
is being carried out by the Florida Citrus 
Comission employees working at the U. S. 
Citrus Products Station, Winter Haven. 

Many variations in production teehniques 
have been tested during the past year, and 
the suitability of the various types of citrus 
fruits for this product have been investigated. 
Excellent products have been obtained from 
mid-season and Valencia oranges and from 
tangerines. 

On the basis of the results to date it would 
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Fig. 1. Typic2zl] Symptoms of Citrus Psorosis 
A.—Bark symptoms on limbs of Valencia orange 
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Fig. 1. Typical Symptoms of Citcus Psorosis 
B.—Leaf symptoms on young leaves of Valencia orange 
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appear that the best temperatures for con- 
centration are below 80 degree F. The juices 
used may also be pasteurized with hardly any 
detectable change in the flavor of the prod- 
uct. If the juices are not pasteurized, the 
product should be maintained at 0 degree F. 
while in storage. 

A public sérvice patent has been applied 
for on this methed of preparing frozen con- 
centrate. 

One manufacturer in the state has pre- 
pared over fifty thousand gallons of frozen 
orange concentrate by this latter method dur- 
ing the past season. 

It will be seen from the above that frozen 
orange concentrate is being made by two en- 
tirely different methods, the only similiarity 
being in the final frozen product. It is too 
early to say which method yields the better 
final product, and it may well be that the 
orange concentrate from the two processes 
will be indistinguishable. Whatever the out- 
come, the citrus industry has been presented, 
out of its own research, with an absolutely 
new citrus product that should meet with 
wide acceptance from the public. In fact, the 
frozen orange concentrate already marketed 
has made a very favorable impression. 

Il. INSECTICIDES 

The work on the control of scale by oil 
sprays has progressed very satisfactorily in 
cooperation with the Citrus Experiment Sta- 
tion at Lake Alfred. Since much of this work 


is being presented in another paper in these 
PROCEEDINGS, it will not be discussed in 
detail here. However, much fundamental in- 
formation has been gathered and its applica- 
tion will make a real contribution to this prob- 
lem. 


Ill. DECAY CONTROL 

This work has also been carried out in co- 
operation with the Citrus Experiment Station. 
Since the discovery of the fungicidal activity 
of thiourea by Childs and Ziegler, we have 
given much time to the problem of adapting 
this treatment to the packing-house process. 
In addition, it has been found that 8-hydroxy- 
quinoline sulfate exercises considerable con- 
trol over the decay organisms peculiar to 
citrus fruits. These studies are continuing. 


IV. INTERNAL QUALITY SURVEY 


The internal quality survey begun in 1941- 
42 in cooperation with the Citrus Inspection 
Bureau has been brought to a conclusion. The 
results from the analyses on many thousands 
of samples are now being compiled and will 
yield an accurate cross-sectional picture of 
the fruit produced in this state during the 
past four years. 

In conclusion, it should again be pointed 
out that the topics discussed here do not in- 
clude the whole of the Commission’s research 
program, but rather only those projects which 
are near enough completion to be considered 
of economic value to the industry. 
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SOME ADDITIONAL INFORMATION ON 
CITRUS PSOROSIS 


H. E. STEVENS 
Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, Soils and Agricultural Engineering, 
U. S. Dept. of Agriculture, Orlando 


Three years ago I presented a paper before 
this Society on the “Identification of Psorosis 
in the Citrus Nursery” (2). The history, char- 
acteristics, nature, and cause of the disease 
were briefly discussed, and certain sugges- 
tions were made for its control, especially in 
the citrus nurseries. It was pointed out then 
that there is little hope for a cure of infected 
trees or a practical method of control for 
the disease in bearing groves, and that be- 
cause it has its origin or starting point in the 
nursery, psorosis control is largely the nurse- 
ryman’s problem. Since it is distributed from 
nurseries to new grove locations where the 
disease is not readily detected until bark 
symptoms appear 12 to 15 years later, when 
nothing can be done to control it, the first 
line of defense against the spread of this trou- 
ble should begin at the nursery. This same 
line of reasoning holds true today. It was also 
pointed out that the disease is of virus origin, 
and the only known method of spreading it is 
by budding and grafting, thus making man 
himself the most active agent in spreading 
psorosis throughout the state. 


Our conclusions then were that if budwood 
is taken from trees that are known to be ab- 
solutely free from psorosis (and I wish to 
underscore the phrase “known to be abso- 
lutely free’’?) and if buds from such wood are 
placed in young, healthy citrus stocks that 
have never been previously budded, the re- 
sulting nursery trees will be absolutely free 
from psorosis and there will be no possibility 
of spreading this disease from any nursery 
taking such precautions. 

It was also suggested that by frequent in- 
spection of young growing nursery plants 
after the buds had sprouted and were making 


foliage growth, infected plants could be de- 
tected by definite leaf symptoms appearing 
in the young leaves at certain stages in their 
growth. This method was suggested for use 
in nurseries where the budwood was doubt- 
ful or of unknown history. While leaf symp- 
toms are dependable and afford a quick test 
of the early presence of psorosis in infected 
plants, their elusive habit of appearing and 
later disappearing as the growth matures has 
probably discouraged the general use of such 
a test in the nursery. Most of the informa- 
tion and suggestions made three years ago will 
hold true at the present time. 

Studies of the disease have been continued 
through testing of infected buds and by trans- 
mission of the disease by infected buds. Con- 
siderable attention has been given to leaf 
symptoms, especially as an aid in identifying 
psorosis and following its progress in infected 
trees. Buds from various healthy citrus va- 
rieties have been infected and the character 
of the symptoms noted. No variety yet tested 
has shown definite freedom from leaf symp- 
toms. Several new facts and angles have been 
uncovered in recent studies which may be 
used to advantage in preventing the future 
spread of this disease. 

Symptoms of Psorosis 

There are two types of symptoms by which 
psorosis can be recognized and distinguished 
from other citrus diseases. They are bark 
symptoms, known for a long time, and which 
are more easily and generally recognized by 
the growers; and leaf symptoms, which have 
come to our knowledge in more recent years. 

Bark symptoms (Fig. 1-A). Typical bark 
lesions have been associated with psorosis 
from its earliest history in the state. They 











FLORIDA STATE HORTICULTURAL SOCIETY 99 


were observed by Swingle and Webber. (3) 
previous to the freeze of 1894-95. These 
symptoms appear as bands of scaly or rough- 
ened bark encircling the larger branches and 
trunks of infected trees. These bands never 
disappear but continue to spread upward and 
downward as long as the tree is alive. The 
affected areas are first covered with small, 
thin flakes of bark that gradually weather 
off, leaving a roughened, irregular surface 
of new bark formed in the progress of the 
disease. Droplets of gum frequently appear 
at the advancing edges of these areas, but it 
is never in a copious flow as in the case of 
gummosis or foot rot. Bark lesions may occur 
on smaller twigs less than an inch in diameter 
and gradually spread to larger branches. Bark 
sysptoms are slow in development and may 
not appear on infected trees until they are 
12 to 15 years of age or older and have come 
into bearing. The earliest record we have on 
the development of bark symptoms is Faw- 
cett’s work in Galifornia (1) where bark symp- 
toms appeared on budded trees 8 to 10 years 
after budding. Instances have been noted in 
Florida groves where bark symptoms were 
distinctly evident on trees that were supposed 
to have been budded nine years before. There 
is probably considerable variation in individu- 
al trees and perhaps in the different varieties 
as to the time infected trees will develop the 
bark symptoms. Some trees may carry the 
disease in a latent form and never show bark 
symptoms, yet they would be potential sources 
of spreading the trouble if used to supply bud- 
wood for new trees. 

Bark symptoms develop slowly after they 
appear, and it may take several years before 
the tree is in its final stages of decline. Such 
trees continue to produce some fruit but the 
production becomes less each year, until the 
tree is not worth keeping longer. Trees show- 
ing bark symptoms are apparently more sub- 
ject to cold injury, and many are killed or 
badly injured by low temperatures in their 
later stages of decline. In the larger and older 
areas of infected bark other diseases may 
enter and cause a more rapid killing back of 
affected branches. As I have stated before, 
a diseased tree is a lost tree, and very little 


can be done to cure the disease or prolong 
the life of such a tree if psorosis has become 
thoroughly established throughout its system, 
which is evidently the case when bark symp- 
toms are present. 

Leaf symptoms (Fig. 1-B) By means of 
leaf symptoms the presence of psorosis can 
be detected in any infected citrus tree or 
young citrus plant. 

Most virus diseases produce certain defi- 
nite markings or patterns in the foliage of 
infected plants by which the disease can 
usually be identified at a glance. The psorosis 
virus also produces a pattern on citrus leaves 
at a certain stage in their growth. Thus leaf 
symptoms make it possible, in a very short 
time, to detect the presence of psorosis in 
infected citrus trees that have not shown bark 
symptoms, and also make it possible six to 
eight weeks after buds are inserted to de- 
termine whether or not nursery plants carry 
the disease. Instead of waiting for 10 to 20 
years for bark symptoms to appear, the use 
of leaf symptoms thas made available a method 
for determining whether or not young plants 
carry psorosis, before they leave the nursery 
rows. By this method psorosis-infected nur- 
sery plants can be identified and destroyed 
instead of finding their way into grove plant- 
ings. 

Leaf symptoms appear as a mosaic-like ef- 
fect on the younger citrus leaves of new 
growing shoots. The symptoms are more pro- 
nounced on leaves that have expanded to 
about one-half or three-fourths of their nor- 
mal size. In very young leaves the pattern is 
indistinct, and affected leaves lose this pat- 
tern entirely after they have fully expanded 
and matured. Thus it is necessary to examine 
leaves in the proper stage of growth and from 
different shoots over the tree, as not all leaves 
and shoots may show infections at the same 
time. If psorosis is present in the shoot, the 
leaf symptoms are distinct and characteristic, 
and by a little practice they can easily be 
detected by holding the leaf toward the sun, 
and viewing it by transmitted light. 

The mosaic-like pattern or marking on the 
infected leaves is made up of numerous light 
colored, elongated areas usually in the region 
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of the smallest veinlets of the leaf blade. In 
typical cases the white or colorless markings 
stand out in sharp contrast against the nor- 
mal green color of the leaf. In very young 
leaves, before the pattern has formed, the 
larger veins appear colorless, followed later 
by a distinct mosaic pattern made up of small 
light colored dots or rod-shaped areas. As the 
infected leaf becomes mature, the light col- 
ored areas in the pattern disappear, and the 
leaf takes on a normal green color. In this 
stage such leaves can not be distinguished 
from normal healthy leaves. This habit of 
changing from an infected appearance to an 
apparently healthy, normal leaf in a few days’ 
time is one of the elusive features of the dis- 
ease and one that might lead to false con- 
clusions. If the nurseryman finds infected 
leaves on his trees, and two weeks later finds 
those same leaves have changed to apparently 
healthy ones, he may assume that the disease 
has naturally disappeared or that his trees 
“have grown out of it.” But this is not the 
case by any means. Buds taken from shoots 
bearing infected leaves, or buds from any 
nursery tree that has borne infected leaves, 
carry the virus of psorosis and will transmit 
it to any other plant or stock in which such 
buds are placed if contact growth is estab- 
lished between the bud and stock. This has 
been demonstrated on numerous occasions. 
While leaf symptoms afford a valuable aid 
and a quick method of recognizing citrus 
psorosis, their use is confined to somewhat 
narrow limits. Growth conditions must be right 
before they can be definitely observed, and 
frequent inspections of that same growth 
should be made while it is in the developing 
stage. 
Bud Transmission 

It has been known for some time that psoro- 
sis could be transmitted by budding, and since 
it is of virus origin, this method has resulted 
in the widespread distribution of the disease 
throughout the citrus growing regions in the 
state. Since propagation by budding is and 
has been the general practice in citrus cul- 
ture, it has also been the means of perpetuat- 
ing the disease in a latent form for a great 
many years. It will continue to do so unless 
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more attention is paid to the source of buds 
that are used and the condition of stocks into 
which these buds are inserted. Both should 
be of healthy origin and the budwood should 
come from tested trees proven to be free from 
psorosis. The same holds true for grafting 
or any other system of vegetative citrus prop- 
agation. If virus infected wood is used as 
scions the disease is certain to appear in any 
resulting growth from such wood. 

As an illustration of how psorosis can be 
progressively spread over a period of years 
involving successive groves, I have selected 
three different plantings which illustrate this 
point. In this particular case one variety, Par- 
son Brown, is represented, and the distribu- 
tion has taken place within the past fifty 
years. The same condition could happen with 
any other variety. The groves are designated 
A. B. and C and a diagram (Chart 1) is in- 
cluded, showing the psorosis infected trees 
in relation to the healthy trees in groves B 
and C. Grove A is the parent grove from 
which budwood was taken for the propaga- 
tion of grove B, and grove B supplied the bud- 
wood for grove C. 

Grove A is an old grove, one of the early 
Parson Brown groves established in the state, 
and was severely injured by the freeze of 
1894-95. It was brought back into produc- 
tion, and the grove today contains large bear- 
ing trees varying in age from 25 to 50 years. 
A brief inspection was made of grove A in 
1942. Two definite cases of bark symptoms 
were found on one old tree and on one re- 
plant, probably 20 to 25 years old. The 
older affected tree was in the last stages of 
decline and practically dead. No leaf symp- 
toms were observed on any of the old trees 
at this time. With the exception of the two 
trees mentioned the remainder of the grove 
appeared to be in very good condition. 

Budwood for grove B was obtained from 
this old grove several years ago. Trees in 
grove B were inspected for psorosis in April, 
1942. The trees were probably 4 or 5 years 
old at that time and were just coming into 
bearing. No bark symptoms were found but 
leaf symptoms of the disease were quite in 
evidence. There were 129 Parson Brown 
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trees in the planting that were carefully 
examined for psorosis leaf symptoms. Ninety- 
nine of these trees showed definite leaf symp- 
toms at that time. This was rather surprising 
and indicated that the budwood from grove A 
had come chiefly from psorosis-infected trees. 

Budwood for grove C was obtained from 
grove B in May, 1941, and placed in a variety 
of stocks. The Parson Brown trees, 293, 
were planted in grove form in September, 
1942. These trees were examined for psorosis 
leaf symptoms in January, April, and June, 
1943. Two hundred sixteen of these trees 
showed typical leaf symptoms of psorosis up 
to that date. I think these results are ample 
evidence of the part p:orosis-infected bud- 
wood plays in the distribution of this disease. 

Tests for Parent Trees 

The parent 
should be the 
should be 
infection. 


tree or source of budwood 
starting point. Such trees 
selected and tested for psorosis 
Trees 15 to 20 years of age, if 
they show no typical bark symptoms, are gen- 
erally considered free from any psorosis in- 
fection. However, I am inclined to doubt 
this and would not rely on that fact alone. 
Any parent tree that is to be the source of 
budwood, whether old or young, should be 
thoroughly tested for one season at least. 
Such a test is not difficult to make. A dozen 
buds taken at random over the tree can be 
selected and placed in young seedling plants 
that have not been previously budded. When 
growth from these buds appears it should be 
examined at weekly intervals for leaf symp- 
toms of psorosis. Leaves from 1/2 to 3/4 de- 
veloped will be more apt to show the infection. 
Each leaf should be carefully examined during 
the period of shoot growth. If any psorosis- 
infected leaves appear in this growth the 
parent tree under test should be immediately 
discarded as a source of budwood. If thé 
resulting growth from these buds shows no 
psorosis it is safe to assume that the tree is 
free from the disease. A second or third test 
in this same manner will make the case more 
certain. Such tests can be quickly made and 
definite results obtained in from 2 to 3 months 
after the buds are inserted, if growing con- 
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ditions are good. In tests with infected buds, 
definite leaf symptoms have appeared on the 
growth from such buds in 6 to 8 weeks after 
the buds were inserted. 
Effect of Stocks on Psorosis 

Psorosis-infected buds have been placed in 
the following seedling stocks: Sour orange, 
rough lemon, sweet orange, Cleopatra, grape- 
fruit, Cuban shaddock and trifoliata. In- 
fected Valencia buds were used, taken from 
a single tree with typical bark symptoms. 
The buds were allowed to grow, and leai 
symptoms occurred on practically all of the 
Valencia tops produced on these stocks, witi. 
a year after the buds were inserted. Th 
stocks used in this group seem to make liti. 
difference in the development of leaf symp- 
toms in the tops, except that leaf symptoms 
develop more profusely on vigorously growing 
shoots. The stocks that produce this type 
of growth apparently show a greater number 
of infected leaves and the markings are pos- 
sibly a little more distinct than on shoots 
from slower growing stocks. 

Stock Infection 

Infection was soon carried from the in- 
fected buds into the stem and root systems of 
the various stocks. Psorosis-infected buds 
placed in various seedling stocks were cut off 
below the bud union about 15 months after 
the buds were inserted. Each bud had made 
a fair top growth, and leaf symptoms were 
noted on all of these plants. New sprouts 
soon appeared from the cut stubs and typical 
leaf symptoms of psorosis appeared on this 
new growth. Several months later buds 
known to be free from psorosis were inserted 
in a number of these sprouts, and in every 
case the growth from these buds showed leaf 
symptoms of psorosis. This demonstrates that 
the virus is transmitted to the stock where it 
remains indefinitely and can be transmitted 
to any healthy buds placed in such stocks at 
a later date. This has been definitely estab- 
lished by budding experiments the past thre- 
seasons. It was also noted that infected buds 


frequently died before making shoot growth, 
although such buds were green and appar- 
ently alive when the wraps were removed. 
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It was later noted that psorosis symptoms 
appeared on the new growth putting out from 
such stocks or from twigs of larger trees 
several weeks after the buds had died. This 
raised the question of how soon the virus could 
be transmitted from an infected bud to the 
healthy seedling or twig in which it was in- 
serted. An experiment was made to deter- 
mine this point, and it was found that where 
the buds were removed after 72 hours, 80 
percent of these buds had transferred infec- 
tion to the stocks in which they were placed. 

In this experiment the buds were placed 
in a number of Valencia seedlings that had 
been kept under observation for psorosis for 
two seasons and remained free from any leaf 
symptoms. The stocks were about two years 
old and in vigorous growing condition. The 
buds were taken from a Valencia tree show 
ing typical bark symptoms, and the twigs 
from which the buds were cut bore leaves in 
which typical leaf symptoms had appeared. 
All buds were inserted in the stocks on the 
same date. A certain number of the buds 
were removed 24 hours after budding and 
the wounds rewrapped. Another set was re- 
moved 72 hours after budding, a third set at 
the end of seven days, a fourth set at the 
end of 14 days, and a fifth set after the buds 
had produced shoot growth and leaf symp- 
toms were visible. In a sixth set the buds 
were left to make top growth of the plants. 

No transfer of infection was noted from 
any of the buds removed 24 hours after in- 
sertion. Buds that were removed 72 hours 
after insertion transferred the infection to 
80 percent of the plants budded. Buds re- 
moved after seven days had infected all 
plants, or 100 percent, and the same was true 
of the buds removed after 14 days and when 
young infected shoots were removed. In the 
set of buds that were retained as tops, psorosis 
infection appeared in all these plants on 
young leaves from the bud growth and on 
young shoots that put out from the stocks. 

These results indicate that a very short 
period of time is required for the virus to 
trave] from infected buds to hhealthy stocks. 
If growth contact is made between the bud 
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and stock the transfer of infection has been 
made, regardless of what happens to that 
particular bud later. This contact may take 
place in 72 hours or even earlier, depending 
on growing conditions present in the stock 
and bud at the time. In the past few years 
we thave had repeated instances where in- 
fected buds were inserted in branches of 
bearing trees and in various seedling stocks, 
and even where these buds have died before 
making any shoot growth, the infection has 
been transferred to the budded members and 
has appeared on the young foliage coming 
out later. This is one of the subtle means 
by which the disease might be transmitted 
and no doubt has been on many occasions 
in the past. Rebudding of nursery stock in 
which the buds have failed or died might 
be a dangerous practice unless you are ab- 
solutely certain of the history and condition 
of the buds that were first introduced. Buds 
from plants that are known to be free from 
psorosis do not transmit the disease, and when 
buds of this character are used and fail, re- 
budding of the stocks would be reasonably 
safe. 
Is Psorosis Carried in Citrus Seeds? 

This questtion is still unanswered, although 
investigations thus far would lead one to be- 
lieve it is not generally distributed in this 
manner, if at all. Several hundred seedling 
trees have been kept under close observation 
for the past four or five years and carefully 
examined for psorosis leaf symptoms at fre- 
quent intervals, and none of these seedlings 
has yet developed any leaf symptoms of the 
disease. These seedlings came from seeds 
taken from Valencia fruits that were borne 
on a tree severely affected with the bark 
symptoms of psorosis. This tree repeatedly 
showed leaf symptoms of the disease, and if 
the virus was contained in citrus seed, one 
would reasonably expect to find it in the seeds 
from a tree in this condition. Seeds were 
also collected from young Parson Brown trees 
that showed typical leaf symptoms, and re- 
sulting seedling plants were frequently in- 
spected for leaf symptoms of psorosis during 
the past two years. Not one single tree in 
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this lot developed any visible symptoms of 
psorosis. 

A number of the seedlings in the above 
lots of trees have been budded from time 
to time with psorosis-infected buds, and with 
buds that were free from psorosis. In every 
case where infected buds were introduced and 
bud growth resulted, the plants developed 
typical psorosis in the young leaves. Growth 
from healthy buds produced plants that were 
entirely free from psorosis and remained so. 

If the disease is transmitted in the seeds 
it must be rarely so and perhaps only in 
certain varieties or strains of citrus. Further 
investigation should be made in this connec- 
tion, especially on the seeds commonly used 
for citrus stock production. It is hardly prob- 
able that the seeds play any important part 
in the distribution of psorosis. 

Is Psorosis Carried on Tools? 

Is psorosis spread by budding implements 
or tools used in the handling of citrus nursery 
stock? This question has been frequently 
asked, and we hhave sought to find the answer. 
Apparently it is not. Pruning shears and 
the budding knife would be the most likely 
agents, if the disease could be spread in this 
manner. Several attempts have been made 
to transmit psorosis by these implements but 
all efforts have been unsuccessful. In one 
experiment healthy Valencia seedlings have 
been severely cut back with pruning shears 
that were thoroughly sterilized before the 
operation was started. An equal number of 
healthy seedlings were cut back at the same 
time by pruning shears that were first cut 
through psorosis-infected twigs before each 
plant was pruned. The new growth appearing 
on these plants has been inspected for a 
period of about two years, and none of these 
plants has shown any leaf symptoms of 
psorosis. 

In other tests on healthy seedling plants 
the budding knife was used. The knife was 
first cut into the bark of an infected bud- 
stick or shoot, and immediately used to make 
a slit in the bark of the seedling as if to 
insert a bud. In some cases the inner bark 
and sap were scraped from infected twigs 
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and inserted in these slits. The slits were 
then wrapped with budding tape for 14 days. 
A similar number of healthy seedlings were 
treated in the same manner, using a sterilized 
knife to be sure no contamination was in- 
troduced. These were to serve as checks. The 
new growth has been closely inspected on 
these plants during the past two years, and 
no psorosis has yet appeared from these op- 
erations. It is hardly probable that the dis- 
ease is spread by any implement used in the 
nursery or field and hence the pruning saw 
or shears are not agents to spread the disease 
from one tree to another. 

If the theory is correct that psorosis is 
transmitted when contact growth takes place 
between infected and healthy citrus tissue, 
and this seems to hold true, then the disease 
is only distributed by means of infected bud- 
wood or infected trees. 

No natural] carriers of the disease are yet 
known. However, the disease may spread in 
the older bearing groves where the root sys- 
tems become entwined and natural grafting 
of the larger roots takes place. This is prob- 
ably a minor method of distribution and slow 
in progress. 

Effect of Psorosis on Yield 


There is very little information available 
as to the effect of psorosis on yield or the 
annual loss in fruits from infected trees in 
Florida. It would be difficult to estimate this 
loss, except in severe cases of the disease, 
because we find such a variation in the ap- 
parent vigor and condition of trees carrying 
psorosis in the early years of their develop- 
ment. It is probable that in the first few 
years of bearing when only leaf symptoms 
are present, the effect on yield is compara- 
tively small. As the tree advances in age 
and bark symptoms appear, decline sets in. 
It is then that reduction in yield becomes 
more evident, and it is probably proportional 
to the amount of decline. What this loss 


amounts to over a period of years or during 
the life of an infected grove is unknown. 

A citrus psorosis survey has been made 
in California by the Citrus Experiment Sta- 
tion, under the direction of Dr. Fawcett. The 





Reese — The Set of Sweet Orange Fruit In Relation to 
Type of Bloom 


Fig. 1. New shoots from axillary buds bearing both leaves and flowers, in this 
study termed “leafy” inflorescences. Flowers appear singly in leaf 
axils on “new wood,” 





Reese — The Set of Sweet Orange Fruit In Relation to the 
Type of Bloom 


Fig. 2. Purely floral growth from axillary buds, consisting of flowers unaccompanied 
by new leaves. Bloom of this type is commonly said to be on “old wood.” 





Reese — The Set of Sweet Orange Fruit In Relation to the 
Type of Bloom 


Fig. 8. A citrus branch on which both leafy and leafless inflorescences are present, 
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results of this have been recently reported 
by Joseph S. Tidd (4) and furnish some in- 
teresting information. The survey was made 
in Navel and Valencia orange groves in which 
both thealthy and infected trees were located. 
Only trees showing bark symptoms were con- 
sidered as psorosis-infected. An estimate was 
made of the number of boxes of fruit on 
each diseased tree in the grove and also an 
estimate of the number of boxes on the ad- 
jacent healthy tree. The Navel trees sur- 
veyed ranged from 35 to 50 years of age 
and the Valencia trees from 25 to 30 years. 
It was found that the amount of fruit pro- 
duced by a psorosis-infected tree averaged 
about two thirds of that produced by a nor- 
mal, healthy tree in the same age and variety 
group. 
Control 

I think we can safely assume that psorosis- 
infected budwood is the principal source of 
spreading the disease today, and if the source 
of budwood can be controlled we can soon 
prevent the further spread of this trouble to 
new plantings. This will not eliminate the 
psorosis-infected trees in our groves at the 
present time, and there is very little hope 
for a practical method of control or cure 
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where the disease is systemic—that is, where 
the virus has spread throughout the tree. This 
condition is usually manifest in older trees 
that show bark symptoms and general decline 
and in young nursery plants resulting from 
infected buds. 

The logical and most practical method of 
controlling the spread of psorosis depends on 
the production of nursery trees free from 
the disease. This, I think, can be done with- 
out too great expense or trouble on the part 
of both large and small nurseries throughout 
the state. 
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THE SET OF SWEET ORANGE FRUIT IN 
RELATION TO THE TYPE 
OF BLOOM 


PHILIP C. REECE 


Division of Fruit and Vegetable Crops and Diseases, Bureau of 


Plant Industry, Soils and Agricultural Engineering, 
U. S. Dept. of Agriculture, Orlando 


A detailed study of the flowering and fruit- 
ing habit of the sweet orange has yielded 
interesting and potentially very important 
data on the relative fruit set which can be 
expected from bloom on the “new wood” as 


opposed to that on “old wood.” While grower 
opinion concerning the relative merits of the 
two types of bloom is divided, it is most com- 
monly thought that flowers on the “old wood” 
are stronger and more likely to set a good 
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fruit crop. Contrary to this general belief, 
evidence is herein presented which shows that 
bloom on “‘new wood” is far superior for fruit 
set in the case of the sweet orange. 
Extension of branch development, includ- 
ing flower production, takes place by growth 
from axillary buds, since in a true morpho- 
logical sense there are no terminal buds in 
citrus. At flowering time some of these axil- 
lary buds, present on a flush of growth of 
the preceding season, elongate into leafy 
shoots without flowers, while others may give 
rise to very short laterals bearing one or 











FLORIDA STATE HORTICULTURAL SOCIETY 


preceeding season’s growth. The inflorescence 
will be referred to as “leafless” if the growth 
consists of one or more flowers but without 
leaves, and “leafy” if the flowers are axillary 
on new leafy shoots. Intergrading types exist 
in which the development is chiefly floral but 
with only one or two leaves present upon the 
stalk along which the flowers are disposed. 
These intergrading forms have arbitrarily 
been classed as “leafy” inflorescences. 

The trees used in this study are on rough 
lemon roots in the Isleworth grove of the 
Chase Investment Cempany, to whom we are 

















more flowers but without leaves. These two indebted for their cooperation. This grove 
Table 1. Number of flowers per inflorescence 

_— anes mand - _ io nts __ Varieties of sweet orange ae 

ae |___Pineapple | _Hamlin | ___—sVaailencia”s— 
Type of infirs. Type of infirs. | Type of infirs. 

Vs ; 7 Leafy Leafless| Leafy | Leafless| Leafy | Leafless 
Inflorescences counted 217 369 505 659 821 | 959 
Flowers per inflorescence _ 48 | 3.6 4.5 2.8 44 | 2.8 


types of growth represent the extremes of 
purely vegetative and purely floral develop- 
ment. Between these extremes, some buds 
develop into shoots bearing both leaves and 
flowers, the flowers appearing singly in the 
axils of the leaves on the new growth. This 
is spoken of as bloom on the “new wood” 
(fig. 1). When the growth from the buds is 
purely floral, that is, consisting of flowers un- 
accompanied by new leaves, the bloom is said 
to be on the “old wood” (fig. 2). Usually 
both types of bloom are present, and fre- 
quently they appear on the same branch (fig. 
3). However, the proportion of ‘old wood” 
to “new wood” bloom varies greatly, and a 
predominance of one or the other in general 
characterizes the type of bloom on a tree. 
The term “old-wood” bloom is of course in- 
accurate because in all cases the flowers are 
on new wood, although this fact is frequently 
not apparent because the axes on which the 
flowers are borne are very short and leafless. 

In this paper the term “inflorescence” will 
be used in a very broad sense, to cover any 
type of floral development which may appear 
from a given axillary bud upon a twig of the 





is maintained in good condition and produced 
satisfactory crops in the seasons of this ex- 
periment. In the spring of 19438, 100 branches 
of the Pineapple variety and 340 of the Ham- 
lin were tagged, and the number of flowers 
from each axillary bud was recorded at flower- 
ing time. Subsequent counts were made peri- 
odically during the growing season to deter- 
mine the percentage of fruit set. In 1944 
the study was extended to include Valencia, 
of which variety 400 branches were used. 
Thus the data which follow cover the flowering 
and fruiting behavior in two separate years. 
The similarity of the results in the two sea- 
sons, even though with different varieties, will 
be apparent. 

In table 1 the average number of flowers 
per inflorescence produced by the leafy and 
leafless types is presented. The data disclose 
that in each variety studied the leafy in- 
florescences bore the larger number of flowers. 
Leafless inflorescences of the Pineapple va- 
riety bore an average of 3.6 flowers, while 
leafy inflorescences bore 4.8 flowers, or 1.3 
times as many as the former. In the Hamlin 


and Valencia varieties the leafy type bore 1.6 
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times as many flowers as the leafless. 

The superiority of the leafy over the leaf- 
less inflorescences in fruit set is apparent in 
table 2, which shows the percentage of the 
two types which still carried fruit when the 
final counts were made in the fall. With all 





Table 2. Percentage of inflorescences that bore fruit (counts made in the fall). 
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leafy inflorescences were producing fruit, in 
contrast to only 3.4 percent on the leafless 
type. Thus a flower on a leafy inflorescence 
had 2.9 times the probability of maturing a 
fruit of a flower on a leafless inflorescence. 
The percentages of flowers to bear fruit in 





Varieties of sweet orange _ 














ei ee ____|___ Pineapple Hamlin | __—s—~Valencia 

| Type of infirs. Type of infirs. Type of infirs. 

| Leafy | Leafless| Leafy | Leafless | Leafy | Leafless 
First No. of infirs. 97 | 150 | 3854 | 535 | 568 | 543 
flush % that fruited _ | 33.0 | 93 | 169 | 69 | 331 | 92 
Second No. of infirs. | 120 | 219 | 151 | 124 | 253 | 416 
flush  % that fruited | | 43.3 | 128 | 17.9 | 40 | 35.3 | 10.8 
All No. of infirs. | 217 | 3869 | 505 | 659 821 | 959 
flushes % that fruited _ | aac. |. tte 17.2 | 6.4 $3.0 | 99 





three varieties and regardless of whether on 
an earlier or later flush, the percentages of 
leafy inflorescences that bore fruit were very 
much higher than in the case of the leafless. 

Data are presented in table 3 on the per- 
centage of individual flowers that fruited on 
the two types of inflorescences. The per- 
centage of fruit set is shown one month after 














the Hamlins were 4.4 on the leafy and 2.3 
on the leaess, or flowers of the first type did 
1.9 times as well. For Valencias the set on 
leafy inflorescences was 8.1 percent as com- 
pared with 3.5 percent, or 2.3 times the set 
on leafless inflorescences. 

Not only did a greater percentage of the 
flowers on leafy inflorescences produce fruit, 




















Table 3. Percentage of individual flowers which produced fruit 
ais aa ee Varieties of sweet orange 
| Pineapple | Hamlin | Valencia 
| Type of infirs. | Type of infirs. | Type of infirs. 
| Leafy | Leafless | Leafy | Leafless | Leafy | Leafless 
No. of flowers | 484 | 517 | 1505 | 1455 | 2389 | 1568 
First % that fruited | | | 
flush April 26 count | “3 7 | 16.1 me 31.0 | 48 7: 3.4 
_ Oct. 21 count __ 2.7 4.7 at 8.2 
No. of flowers +. ee | 818 = 69° 4 ie | 1171 1117 
Second % that fruited | | 
flush April 26 count 28.1 | 195 | 313 | We | 3 7.4 
_ ___ Oct. 21 count | 11.12 | 88 | 38 | 1.2 | 7.4* | 40 
No. of flowers | 1040 | 1335 | 2274 | ~ 1860 | 3560 | 2685 
All % that fruited | | 
fiushes April 26 count | 8 | ws (| ” . | 18.7 | 8.8 5.4 
Oct. 21 count [ 99 | 8.4 | as i. S.° 3.5 








flowering, before all drop was completed, and 
finally in the fall. After that time any fur- 
ther drop could be attributed to other fac- 
tors not related to the problem under discus- 
sion. When the final counts were made, 9.9 
percent of the Pineapple orange flowers of 


but this type of infloresence actually carried 
a greater number of flowers, as is shown in 
table 1. Leafy infloresences of the Pineapple 
orange, for example, had on the average 1.3 
times the number of flowers produced by the 
leafless type, and each flower had 2.9 times 
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the chance of bearing a fruit. Thus the total 
advantage for fruit set of purely ‘“‘new-wood” 
bloom over purely ‘old-wood’” bloom would 
result in 1.3 x 2.9 or 3.8 times as much fruit. 
Similarly, in the Hamlins and Valencias used 
in this study the advantage of the bloom 
on leafy inflorescences was 3.0 and 3.7 times, 
respectively. 

It remains to be shown what factors influ- 
ence the type of bloom produced by an or- 
ange tree and what specific cultural practices 
can best be employed to shift the type of 
bloom in the direction of more numerous 
leafy inflorescences. Even in groves in which 
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there is a relatively high percentage of leafy 
bloom, such as the one used in this study, it 
appears that the crop could be considerably 
increased if only a slight shift of leafless in- 
floresences to the leafy type could be brought 
about. In groves in which the bloom is almost 
all of the leafless type a shift to a predomi- 
nantly leafy type would result in a+very 
large increase in fruit produetion. 

It should be emphasized that the results 
of the above study apply only to the sweet 
orange. A similar study is now in progress 
on the flowering and fruiting habit of the 
grapefruit and tangerine, These may or may 
not behave like the sweet orange. 





OIL DEPOSITS FROM COMMERCIAL 
OIL EMULSIONS 


JAMES B. REDD 
Florida Citrus Commission and Citrus Experiment Station, 
Lake Alfred 


Oil sprays are noted for their inconsistent 
control of scale insects. This has resulted 
in a demand for research to determine the 
factors which cause variable results. Omitting 
thoroughness of application, some of the vari- 
ables that contribute to the lack of uniformity 
of control are: amount of oil deposited on 
the foliage, the type of oil, its viscosity, boil- 
ing range and unsulfonated residue and the 
type of emulsifying agent used to emulsify 
the oil (3). It is the purpose of this paper 
to deal only with the amount of oil deposited 
on citrus foliage by oil emulsions. While 
future experimentation may differentiate be- 
tween the insect kill and the tree damage 
caused by different oils (viscosity, type base 
and unsulfonated residue), these remarks are 
generalized for all oils known to be used 
commercially by citrus growers in Florida. 
These oils possess the physical constants: 
from 69 to 108 Saybolt seconds viscosity at 


100° F., 75 to 92 unsulfonated residue and 
are either napthene or paraffin base oils. 
(Napthene base oils are synonymous with 
asphalt base and not to be confused with 
napthalene, a white crystalline solid used as 
a moth repellent). 

Viscosity, as popularly understood, indi- 
cates in a general way whether the product 
is a light, medium or heavy oil. A 70 Saybolt 
second viscosity oil will evaporate faster than 
a 100 viscosity oil from the same stock. How- 
ever, different stocks possess different vis- 
cos:ty characteristics, and a blend of light 
and heavy fractions will give intermediate 
viscosities. 

The terms “unsulfonated residue” and ‘un- 
sulfonatable residue’ are used interchange- 
ably and are abbreviated U. R. (1). The U. R. 
is the percentage of oil unaffected when 
treated with a specified concentration of sul- 
furic acid. For example, if a sample of oil 
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Fig. 1. Oil Deposit from Commercial Emulsions. 
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Fig. 2. 


is treated with 38 N sulfuric acid and 10% 
reacts with and is dissolved by the sulfuric 
acid, then 90% will be unaffected and the 
U. R. is 90. Apparently the U. R. of an 
oil is not as critical a factor in Florida as 
in California (4), for oils are being used 


Effect of Mixing on Commercial Emulsifiable Oils. 


commercially here with a U. R. of 75 with 
no apparent increase in tree injury over the 
high U. R. oils. 

The oil deposit is the amount of oil re- 
maining on the foliage, irrespective of the 
amount applied as a spray. 


It can not be 
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overemphasized that the concentration of oil 
in the dilute spray emulsion does not deter- 
mine the oil deposit! For instance, two dif- 
ferent commercial oil emulsions may be ap- 
plied at a concentration of 1.40% actual oil 
but the oil deposits from one spray may be 
much higher than from the other. Apparently 
purple scale kill is related directly to the oil 
deposit and not necessarily to the oil content 
of the dilute spray. In cases where the oil 
deposit was higher from a 1.00% oil emul- 
sion than from a 1.25% oil emulsion, the scale 
kill was higher from the 1.00% oil emulsion. 
Up to a certain point the same was true with 
other concentrations where the oil deposits 
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when less than 50 micrograms per cm.2 are 
deposited. Conversely, the scale kill rises 
slowly toward 100% as the oil deposit is in- 
creased above 50 micrograms per cm.2. The 
oil deposit at which damage to the tree re- 
sults—in the form of excessive leaf drop and 
dead wood— is much more difficult to es- 
tablish. The general tree vigor and weather 
conditions affect materially the amount of 
oil deposit a tree can stand. However, ex- 
periments so far have shown that the 
average healthy tree will begin to show an 
excessive leaf drop at about 90 micrograms 
per em.2. Then the limits for oil spraying 
should be 50 micrograms per cm.2 or more, 



































MILES OIL LEAF DROP |BEFORE SPRAY {AFTER SPRAY 
PLOT PER DEPOSIT |AV. PER SQ.YDJ AV. NO. LIVING MO DECREASE OF 
HOUR Mcg/cm2 SCALE PER LEAFILIVING SCALE 
SPEEOSPRAYER 
G 12 46 229 336 94 
| 2.3 29 147 2.60 72 
K 3.9 20 69 1,76 22 
CHECK PLOT 
J 47 2.86 +34 
PRESSURE SPRAYER 
A 4} 238 6.12 85 
Fig. 3. The effect of the speed of a Speedsprayer on scale kill. 


were greater from the more dilute sprays. 

Because of the ‘minute amount ofoil deposit- 
ed per unit area it has been found advan- 
tageous to express this as micrograms of 
oil per square centimeter (mcg./cm.2). This 
is equivalent to approximately 2/10,000,000 
(two ten-millionths) of an ounce per square 
inch. In this work the emphasis is on com- 
parison of oil deposits rather than the units 
with which they are expressed. A 90% re- 
duction in living scale has arbitrarily been 
taken as satisfactory scale control. In our 
experiments the indications are that about 
50 micrograms of oil per cm.2 is necessary 
to give a 90% reduction in living purple 
s¢ale. This does not mean that oil deposits 
kelow 50 micrograms per cm.2 do not kill 
seale, but the scale kill does drop rapidly 


for effective scale control, and when less 


than 90 micrograms per cm.2 to avoid tree 
damage. 

It is realized that the grower can not make 
oil deposit determinations. These terms are 
introduced because experimentation has shown 
the limits between which the oil should be 
applied. It is the purpose of this paper to 
translate these findings into practical sug- 
gestions to enable the grower to improve his 
oil sprays. 

Practicai Application 

The prime requisite when spraying with oil 
is thorough coverage. No amount of oil ap- 
plied to one leaf can affect the scale on an- 
other leaf. The above data indicate why a 
spray with high oil depositing characteristics 
combined with a careless spray job can de- 
posit enough oil on some leaves to cause in- 
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jury while others do not receive enough oil 
to kill the scale. 

Oil deposits from commercial emulsions. 
After determining the approximate amount 
of oil deposit necessary to kill purple scale, 
seven commercial oil emulsions were applied 
to citrus trees, each at a dilution of 1.40% 
actual oil, to determine any variation of oil 
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factory control of scale while C deposited 
enough oil to be harmful to the tree. The 
oil deposit from emulsion D resulted in un- 
satisfactory scale kill while emulsions E, F 
and G were quite satisfactory. To give 
equivalent oil deposits from all these emul- 
siens it would be well to apply A and B at 
about 1.50%, C at about 0.75% and D at 






































deposit. In order to have a standard emulsion about 2.00% of actual oil. Hard water, acid 
LOCATION OF OIL LEAF DROP |BEFORE SPRAY |AFTER SPRAY 
LEAF SAMPLE DEPOSITIAV. PER SQ.YDJAV. NO. LIVING QJ DECREASE OF 
Mcg/cme} E.W. N.S. |SCALE PERLEAF |LIVING SCALE 
SPEEDSPRAYER 
ROW L 
LOW OUTSIDE E,W. 54 178 | 203 12.04 94 
2 . N.S. 39 1748 88 
LOW INSIDE Ec .w. 49 38.20 84 
. a N.S. 36 46.00 7O 
TOP INSIDE S2 17.00 8g 
HIGH OUTSIDE €E. W. 53 488 85 
. i w. S. 47 532 68 
ROW M 72 207 | 228 21.90 92 
ROW N 74 255 i 253 27.40 97 
PRESSURE SPRAYER 
ROW A 
LOW OUTSIDE €E. wW. 43 242 | 234 6.25 87 
. : N.S. 40 4.44 77 
LOW INSIDE E. W. 42 42.50 93 
e i N.S. 47 34.20 87 
TOP INSIDE 36 6.37 82 
HIGH OUTSIDE E.W. 40 2.24 7O 
7 N. S. 35 2.80 67 
ROW D Al 1I3O 126 1.23 80 
ROW E 39 172 179 2.23 75 
ee. : 
Fig. 4, A comparison of results from the pressure sprayer and 


Speedsprayer. 


for comparison a tank-mix emulsion that had: 
been tested repeatedly was chosen for that 
purpose. Its oil depositing characteristics are 
listed in Figure 1. At 1.00% actual oil the 
deposit was 47 micrograms per cm.2, at 2.00% 
90 micrograms per cm.2, and at 1.40% 67 
micrograms per cm.2. The seven commer- 
cial emulsions gave oil deposits listed in Fig- 
ure 1 under commercial emulsions, Of the 
seven emulsions used at 1.40% oil, A and B 
gave oil deposits that are marginal for satis- 


water, or salt water tend to increase the 
oil depositing characteristics of an emulsion. 
The variation of oil deposit caused by the 
difference in water and equipment prevents 
the standardization of all the commercial 
emulsions for each locality. The important 
point that the grower must realize is that 
the oil deposits kill the scale and the excess 
oil deposits cause tree damage. Too often 
it has been the practice to increase the oil 
concentration in the dilute spray when poor 
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scale control actually resulted from poor cov- 
erage. In other words, it has been found 
that a much better scale control was achieved 
and less dead wood resulted from spraying 
a tree with 20 gallons of spray that deposited 
55 micrograms per cm.2 of oil than when 
spraying a similar tree with 15 gallons of a 
spray that deposited 78 micrograms per cm.2 
of oil. (The oil deposit was taken from 
leaves that are known to have been covered 
by the spray). Before increasing the oil 
concentration in the dilute spray, the grower 
should observe living scale on foliage (pref- 
erably tagged) that he knows was thoroughly 
covered on both surfaces at the time of 
application. 

Emulsifiable oil. Emulsifiable oils are those 
oils in which an oil soluble emulsifier has 
been dissolved. When the oil with its dis- 
solved emulsifier is added to water the emul- 
sion is formed by the agitation in the tank. 
To detect any difference in oil deposit on 
citrus foliage due to the manner of mixing, 
three commercially available emulsifiable oils 
were emulsified in varying amounts of water 
in two different spray machines, and the re- 
sults are shown in Figure 2. The sprayers 
were identical except for agitation. Both 
tanks held about 300 gallons. The agitation 
in sprayer A is obtained by four twin-bladed 
propellers turning about 2&0 times a minute, 
which results in very vigorous agitation. How- 
ever, sprayer B has only two triple-bladed 
propellers that turn about 180 times a minute, 
which is the standard equipment for that 
make of sprayer. In the first series of ex- 
periments, fifty gallons of water were placed 
in both tanks, the agitation started, the emul- 
sifiable oil added and agitated for two min- 
utes. The resulting emulsion was diluted 
and sprayed on citrus trees. The oil concen- 
tration in the diluted emulsions in all cases 
was 1.40%. As shown in Figure 2, all three 
oils with both sprayers gave low oil deposits 
and in most cases poor scale control resulted. 
To further test the effect of the initial amount 
of water in the spray machine on the effect 
of the resulting emulsion, 100 gallons of 
water were placed initially in the tanks and 
the experiments repeated. As shown in Fig- 
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ure 2 all oil deposits with both sprayers were 
higher—indicating a looser emulsion. How- 
ever, the oil deposit from oil No. 8 with 
sprayer A was too light while oil No. 2 with 
sprayer B deposited too much oil. The other 
four oil deposits were satisfactory. One hun- 
dred fifty gallons of water were placed in 
the tank and the experiments were again 
repeated. Oil No. 1 was too loose when 
mixed by sprayer B, while oil No. 2 was too 
loose with both sprayers. In fact, oil No. 2 
in sprayer B failed to emulsify and oil de- 
posits were very uneven throughout the appli- 
cation. Figure 2 illustrates the oil deposit 
when there was about 100 gallons left in the 
tank. The last tree sprayed with that mix 
received much free oil, the oil deposit being 
well over 300 micrograms per em.2. The 
tree was completely defoliated and severely 
damaged. 

The method of mixing is of prime import- 
ance for emulsifiable oils, and the variation 
in mixing can be used to regulate the oil 
deposit. Emulsifiable oils of necessity must 
be made so that they will emulsify with any 
water and with all equipment, and since hard 
water (containing dissolved salts of calcium 
and magnesium) and salt water will loosen 
emulsions, enough emulsifier must be added 
to overcome this tendency. In localities where 
these conditions exist the emulsifiable oils 
would in all probability give very satisfactory 
oil deposits when mixed with an initial tank 
charge of about 50 gallons of water. From 
the above it follows that it is impossible to 
give a standard method of mixing emulsifiable 
oils. When these are used, it is strongly 
recommended that the manufacturer’s recom- 
mendations be followed for his particular oil 
for those particular conditions, 

Tank-Mix. In a tank-mix, as differentiated 
from an emulsifiable oil, the emulsifier is dis- 
solved in the initia] charge of water (usually 
about 50 gallons) and the oil is added to 
the solution with agitation to form the emul- 
sion. While the process of emulsification— 
and the limitations—is the same, the grower 
enjoys distinct advantages over the manu- 
facturer of emulsifiable oils. The grower 
can have an intimate knowledge of his equip- 
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ment and water and the tank-mix can be 
formulated to fit his special conditions. 
Usually the amount of emulsifier is varied 
to meet varying conditions. A general rule 
for mixing is to add as little emulsifier as 
possible so that the diluted emulsion does 
not break (free oil separating out) in the 
tank before it has been sprayed out. When 
the oil is added to the initial charge of water, 
it is agitated until no free oil is visible and 
the contents of the tank are as white as the 
return from the pump overflow. It must be 
pointed out that in order to use the tank-mix 
successfully, considerable experience and 
“know how” and a thoroughly reliable spray 
crew must be possessed by the grower. There 
have been cases in which through neglect of 
the spray crew no emulsifier (or the incorrect 
amount) was added for the tank-mix with 
disastrous results. 


Broken Diluted Emulsions 

Severe injury has resulted from re-agitating 
broken dilute emulsions and spraying them. 
When emulsions are diluted and are not 
used immediately (due to mechanical break- 
down, rain, noon or quitting time), the emul- 
sion begins to break and the oil rises to the 
top. Different emulsions will stand diluted 
for different lengths of time before breaking. 
Complete breaking is a gradual process over 
a period of a few minutes to a few days, 
depending on the type of emulsion. Agita- 
tion does not re-emulsify the broken emulsion 
to any significant degree. For example, sup- 
pose a dilute emulsion has been standing for 
one hour and 50% of the emulsion has 
broken. On stirring, the 50% unbroken 
emulsion will give a white appearance to the 
mix but the free oil will tend to float to the 
top in spite of the agitation and will be 
sprayed as free oil on the last tree with 
injurious results. The agitation does break 
up the free oil and it is dispersed throughout 
the emulsion so that no free oi] can be seen 
when the agitation is in progress. Trying to 
re-emulsify the oil is just the same as making 
a tank-mix or using an emulsifiable oil by 
filling the tank completely with water and 
then adding the oil. It has already been 
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pointed out what happens when mixing emul- 
sifiable oils when the tank is only half full 
of water. One of the best ways to tell if 
a diluted emulsion has broken is to reagitate 
for a short time (about two or three minutes) 
and then stop the agitation. If the emulsion 
has creamed (the emulsion itself rising to 
the top—a process identical with the cream- 
ing of milk) this agitation will thoroughly 
mix the emulsion again; if the emulsion has 
broken, the free oil will be dispersed and 
will rise quickly to the top once the agitation 
has stopped. If any considerable amount 
of free oil appears on the surface of the 
emulsion within one minute after the agita- 
tion has stopped, unless advised specifically 
to the contrary by the manufacturer, the 
oil should be dumped. To avoid this diffi- 
culty as much as possible the grower should 
arrange with his spray crew to take their 
noon hour and quitting time at the end of 
a tank. 


Mechanica Sprayers 

Efficient scale control will not be obtained 
when mechanical sprayers are driven too fast. 
Seale control cannot be obtained by increas- 
ing the oil concentration of the dilute spray 
when thoroughness of application is the limit- 
ing factor. Figure 3 gives the results of a 
Speedsprayer driven at different speeds. The 
oil content of the emulsion in all tests was 
1.40% actual oil. The trees were 15 to 18 
feet high with fairly open foliage and would 
not be considered difficult trees to spray. 
The speed was checked by the time required 
to spray several trees a known distance apart. 
For instance, at 1.2 miles per hour it took 
142 seconds to spray 10 trees that were 
spaced 25 feet apart. From Figure 38 it is 
obvious that speeds much greater than 1.2 
m.p.h did not give satisfactory scale control. 
It was necessary to apply just as many gal- 
lons—or more—by the Speedsprayer as it 
was by a thorough inside and outside walking 
job with the pressure sprayer. Operators 
should check the time required to spray 10 
trees until they can consistently drive about 
1.2 miles per hour. Speedsprayers have been 


observed driving as fast as 4 miles per hour 
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applying oil sprays. It is a common practice 
to drive faster when spraying small trees. 
Similar results were obtained as in Figure 3. 
Increasing the speed decreases the oil deposit 
which results in unsatisfactory scale control. 
To contro] gallonage on small trees it is sug- 
gested to cut off the top nozzles and to close 
the master valve between trees. 

Figure 4 shows the scale kill in different 
parts of the tree from both Speedsprayer 
and a pressure sprayer. The Speedsprayer 
was driven at 1.2 miles per hour and about 
31 gallons of spray per tree were applied. 
The pressure sprayer required about 22 gal- 
lons of spray per tree. The same emulsion 
at 1.40% oil was used in both machines. 
The Speedsprayer was traveling north and 
south and it is noticed that north and south 
sides (especially low down) were the ones 
with the minimum oil deposit and minimum 
scale decrease. The scale kill followed 
roughly the oil deposit. Satisfactory scale 
kill was recorded with oil deposits less than 
50 micrograms per cm.2, but good scale kill 
was not consistently achieved with such oil 
deposits. 


Corroborating Chapman et al. (2) it was 
found that deliberate overspraying a tree 
with twice as many gallons increased the oil 
deposit by 15 to 30%. However, if a spray 
is applied and allowed to dry and then an- 
other application made, the oil deposit is 
about double. In Figure 4, Row L, one side 
was sprayed and the other side sprayed long 
before the first application had time to dry. 
Rows M and N were sprayed on one side 
and allowed to dry and then the other side 
was sprayed—a common practice in the field 
caused by long rows. It will be noticed that 
the oil deposit was much greater on these 
rows than on Row L. Much dead wood— 
especially from the top and the center of 
the trees—was cut from Rows M and N 
whereas little had to be cut from Row L or 
any of the other plots where the second half 
of the trees were sprayed before the oil had 
dried on the side sprayed first. Although 
the average oil deposit on leaves picked at 
random from the outside canopy of Rows M 
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and N was about 72 micrograms per cm.2, the 
inside oil deposits were sometimes over 100 
micrograms per cm.?, 

It has been previously stated 
amount of oil deposits necessary to cause 
tree damage was very difficult to establish. 
Groves with rows over 100 trees long have 
been sprayed down one side and then the 
other and it took five or six tank loads to 
make the round trip. One side was dry long 
before the other was sprayed and yet no 
serious tree damage resulted. Other groves 
w.th much shorter rows were considerably 
damaged by the practice. The amount of oil 
deposit a tree can stand cannot be foretold, 
and for safety it is suggested to avoid having 
one sprayed side dry before the other side 
is sprayed. 


that the 


It is recommended, therefore, when using 
a mechanical sprayer not to allow the sprayed 
side to dry before spraying the other side. 
If the rows are too long, it is suggested that 
only part of the row be sprayed, then turn 
around and spray the other side. For ex- 
ample, if the rows are 100 trees long, spray 
33 or 34 trees on one side, turn around and 
do the other side. After the first third of 
the grove has been sprayed, move down and 
spray the middie third and finally the last 
third. This is an extra nuisance but it may 
be well worth the trouble in the form of less 
dead wood. If the grower has two Speed- 
sprayers at this disposal, reverse one head 
so that it sprays to the right instead of the 
left and let one machine follow the other 
at a short distance on the other side of the 
row. 


When using pressure equipment, do not 
finish spraying a tree upon which a partial 
spray has dried. If a mechanical breakdown, 
or other trouble prevents a tree from being 
sprayed completely at one time, and the spray 
has dried before the trouble can be rectified, 
then the scale that are not killed by lack of 
coverage will probably do less harm than 
would the build up of oil deposit caused by 
respraying the tree. Similarly the rain might 
wash off some oil and decrease the scale kill 
but respraying is likely to cause severe in- 
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jury. Do not respray the trees under these 
conditions. 


Summary 


It is the oil deposit that kills the scale, 
and the oil deposit varies with different emul- 
sions and spray conditions. In general, it 
takes &0 micrograms per cm.? of oil to kill 
the scale and doses of over 90 micrograms 
per cm.2 harm the tree. Considerable care 
and experience are necessary for the success- 
ful use of any oil spray and it is not the pur- 
pose of this paper to advocate one type over 
another but to enable the grower to obtain 
the maximum benefit from the oil of his 
choice. If a diluted emulsion is broken be- 
fore it can be used, dump it. Drive mechani- 
cal sprayers slowly. Do not spray a tree 
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with oil on which a previous oil spray has 
dried. 
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RELATIONSHIP OF SOLIDS AND RATIO 
TO THE TIMING OF OIL SPRAYS 
ON CITRUS 


W. L. THOMPSON and JOHN W. SITES 1/ 
Florida Citrus Experiment Station, Lake Alfred 


Because of the high percentage of citrus 
fruits that are being processed at the present 
time and the prospects of a still larger 
amount to be processed in the future, in addi- 
tion to the efforts made to move fruit early 
in the season, producers of citrus have be- 
come more and more interested in growing 
fruit containing a high percentage of solids. 
As a result of improved nutritional practices 
the solids in citrus have been increased but 
the results of some analyses made of fruit 
from oil timing plots indicate that indis- 
criminate timing of oil sprays may delay or 
even prevent the formation of maximum 
solids despite an improved nutritional pro- 
gram. The results presented in this paper 


1. On leave of absence 


should be treated as a preliminary report 
since more detailed work is needed before 
final conclusions can be made. 

In 1929 Yothers and McBride (3) reported 
that on an average fruit from oil-sprayed 
trees had lower solids than unsprayed trees 
but no definite statement was made con- 
cerning timing of the sprays. In California 
Sinclair et al. (1) stated, “The spraying of 
citrus trees with light medium oils in con- 
centrations of 0.25% to 1.75% caused a re- 
duction in total soluble solids and in re- 
ducing and total sugars of the fruit juice.” 
Also, “The time of the year at which the 
oil was applied was found to be relatively 
unimportant.” In Florida under the present 


nutritional program oil sprays do not appear 
to have a serious effect on solids; however, 
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during some years oil sprays applied during 
August, September and October have de- 
layed the formation of maximum solids. 
During the late thirties it became apparent 
that in order to keep scale infestations at 
a minimun an annual oil spray was advisable. 
Considerable work was done to determine the 
time of the year the sprays would be most 
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delayed maturity to a marked extent. In 
1940 some analyses were made of fruit from 
duplicate plots of eight trees each that tad 
received an annual oil spray in June for a 
period of six years. The solids and the ratio 
of solids to acids were higher in those plots 
than in plots receiving lime-sulfur 2-100 and 
also higher than the solids and ratio of fruit 






























































effective in controlling scale and at the same in the unsprayed check plots. Since 1941 
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Fig. 1. Comparison of solids in relation to timing of oil sprays on 


Pineapple oranges. 


time least likely to injure the trees. Thomp- 
son (2) reported that satisfactory control of 
purple scale was accomplished with the least 
injury to the trees by applying the oil spray 
between May 15 and August 1. 
determined that where an oil spray was ap- 
plied before August it did not delay the 
coloring of the fruit to any extent. Florida 
red scale was most satisfactorily controlled 
when the oil was applied between July 1 and 
August 1. At that time the general opinion 
was that oil sprays reduced the solids and 


It was also- 


analyses have been made from fruit from 
the oil-timing plots. 

The analyses were made by F. F. Cowart? 
in 1940 and 1941, by C. R. Stearns? in 1942 
and by the junior author in 1943 and 1944. 
Samples of 25 oranges and 15 grapefruit of 
the same size were selected for each analysis. 


2. Formerly Associate Horticulturist at the 
Florida Citrus Experiment Station. 

3. Associate Chemist at the Florida Citrus 
Experiment Station, 
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Samples were collected from the periphery 
of the tree at a height of from 3 to 6 feet, 
and insofar as possible all samples were col- 
lected from the outside of the tree. Deter- 
minations were made on the same day of 
collection or as shortly thereafter as possible. 
The juice was extracted by means of a power 
reamer, put through a Waring Blendor for 
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Fig. 2. Comparison of solids and ratio from 
three samples in relation to timing of oil 
sprays on Pineapple oranges 1941. 


20 seconds and allowed to stand for approxi- 
mately 30 minutes. During this interval all 
the albedo fragments, ruptured juice sacs, 
etc., were cleared from the sample and clear 
aliquots of the juice were then removed for 
analysis. Total solids were measured with 
a Brix hydrometer and the reading corrected 
to a temperature of 17.50° C. The citric 
acid content was determined by titration with 
0.3125 N sodium hydroxide solution and cal- 
culated as percent anhyrous citric acid. 
The trees in the experimental plots were 
sprayed with a commercial oil emulsion hav- 
ing a viscosity of approximately 72 Saybolt 
seconds at 100° F, except that in 1944 a 
100 Saybolt seconds viscosity oil was used 
until the months of October and November 
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when the use of the 72 viscosity oil was re- 
sumed. The sprays were applied at a con- 
centration of 1.3% to 1.5% actual oil in 
various years but during any individual year 
the same concentration of oil was used in all 
plots, the only variation being the timing of 
the oil application. The plots were in dupli- 
cate in all experiments. 

Solids. The effect of oil sprayson solids 
in Pineapple oranges varied in different years, 
but on an average the solids were as high in 
the sprayed plots as in the untreated check 
plots except where the sprays were applied 
in August or later. Figure 1 represents a 
general picture of the solids in fruit from 
trees sprayed during different months. In 
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Fig. 3. Comparison of solids and ratio from 
four samples in relation to timing of oil 
sprays on Pineapple oranges 1943, 


three out of four years the fruit from the 
June and July sprayed plots had solids equal 
to or higher than the solids.in the unsprayed 
checks, and on an average the lowest solids 
were in the plots sprayed in August. In 
some years, particularly in 1944, the solids 
were also low in fruit from trees sprayed 
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in September and October. The fruit from 
the November treated plots were least affected 
by the late season sprays, which indicated 
that the mid-summer and early fall oil sprays 
prevented or at least delayed the formation 
of maximum solids rather than reduced them. 

During the early part of the picking season 
it is desirable to have as high a percentage 
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early varieties should be sprayed as soon 
in the summer as is practical. 

In the above paragraph the importance 
of maximum solids early in the picking season 
is stressed, but high solids are a gauge of 
good quality fruit regardless of the time of 
the season. It is particularly important to 
have as high a percentage of solids as pos- 
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Comparison of solids and ratio from three samples in relation 


to timing of oil sprays on Pineappie oranges 1944. 


of solids as possible but it was during that 
period that the solids were most affected by 
the late seasonal sprays. In Figure 2, 3 and 
4 are results of analyses made at various 
intervals during the same season. When the 
analyses were made in early November the 
solids in the late seasonal sprayed plots were 
decidedly lower in most of the plots than in 
those sprayed in June or July. Due to the 
possibility of low solids from late oil sprays 


sible in fruit that is to be processed, especially 
for concentrates. It was quite evident that 
where the maximum solids were prevented 
from forming early in the season by an ap- 
plication of a late summer or early fall oil 
spray, the solids never reached the same 
level as in fruit from plots sprayed in June 
or July. The solids increased in all plots as 
the season progressed, but regardless of when 
the sample was picked the solids, on an aver- 
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age, were lower in plots sprayed in August 
or later than in the unsprayed check plots 
and those sprayed in June or July. In the 
1941 December analyses there was not so 
much difference in the percentage of solids 
in the various plots but in the December 
analyses of 1943 and 1944 the solids were 
much lower in plots sprayed after August 1 
than those sprayed before that date. 

Very few analyses have been made of Ham- 
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and additional plots were sprayed on the 
10th and 25th of each succeeding month to 
November inclusive. The spray contained 
a concentration of 1.3% actual oil. The 
analyses of the Hamlins were not made until 
November 28 which could be considered mid- 
season for that variety; nevertheless the aver- 
age solids were higher in the fruit from 
plots sprayed in June and July than those 
sprayed between August 10 and October 25 
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varieties of oranges 1941. 


lin and Valencia oranges from trees sprayed 
during various months, but the data available 
indicated that the trend of lower solids in 
those varieties sprayed between August and 
November was much the same as with Pine- 
apples. In 1941 W. W. Lawless conducted 
some oil-timing experiments which included 
adjacent plots of Hamlin, Pineapple and Va- 
lencia oranges. Duplicate plots were used. 
The first application was made on June 25 


inclusive. Furthermore, the highest percent 
of solids in any individual plots was in the 
early spray period and the lowest solids in 
any one plot were in the later spray period. 
Comparing the average solids in the sprayed 
plots with the unsprayed check, 66 percent 
of the sprayed plots in June and July had 
higher solids than the check but the solids 
were lower than the check in all plots sprayed 
after August. See Figure 5. 
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Analyses of the Valencias were made _ inclusive the average percent solids was 9.53, 
March 24, 1942. The average percent of the maximum solids 10.40, and the minimum 


solids in the June and July sprayed plots 
was 10.20, the maximum in any one plot was 
10.45, and the minimum 9.75. In the plots 
sprayed between August 10 and October 25 


solids 8.90. 

Analyses of the Pineapples were made No- 
vember 26. The average percent of solids 
in the early sprayed plots was 10.52, the 
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maximum solids in any single plot was 10.78 
and the minimum 9.90. In the later sprayed 
10.12, 
the maximum in any single plot was 10.43 
The trend of lower 


solids in the later sprayed plots was apparent 


plots the average percent of solids was 


and the minimum 9.70. 


with all three varieties, which would indicate 
that the timing of oil sprays is important 
in any variety of oranges if maximum solids 
are desired. 

When two oil sprays were applied during 
the same -season the least effect on solids 
occurred where the first application was made 
in June and the second application in No- 
vember. Where the second application was 
made in August or September the solids were 
affected to about the same degree as where 
a single application was made at the later 
date. See Figure 6. It is interesting to note 
that the solids were higher in plots that re- 
ceived the second spray on September 16 
or November 14 than in plots receiving an 
initial spray on those respective dates, but 
this may be a result of the June spray re- 
ducing the scale population to such a low 
level that the scale was not a factor in pre- 
venting the formation of solids as it may 
have been where no spray was applied until 
September or later. 

In regard to scale being a factor in pre- 
venting maximum solids, there is some indi- 
cation that such is the case. In 1941 and 
1944 the check plots were rather heavily 
infested with purple scale during the early 
and late summer months and in those two 
years the solids were lower in the check plots 
than in plots sprayed in June or July. In 
1942 and 1943 the check plots had very light 
infestations of scale and during those two 
years the solids in the check plots were as 
high as or higher than in the treated ones. 
In 1944 the plots receiving the initial spray 
in November had become quite heavily in- 
fested with purple scale before they were 
sprayed and the solids were lower in those 
plots than usual. It was also evident that 
the solids were higher in plots sprayed on 
June 1 and June 15 respectively and again 
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on November 14 than in plots receiving the 
initial spray The plots 
receiving the initial spray in June were more 
or less free of 


on November 14. 


scale during the summer 
months whereas the scale became noticeable 
by August in the November treated plots. 

Grapefruit was affected more or less in 
the same way as oranges in regard to the 
timing of oil sprays. Excelsior grapefruit 
trees were used for the oil-timing experiment 
in 1943 and 1944. Although data for only 
two years are available, there was a trend 
of lower solids in plots sprayed in August 
and September than in plots sprayed during 
June or July. 

Ratio. The difference in ratio of solids to 
acids between early sprayed fruit and later 
seasonal applications was not so marked as 
the solids. Nevertheless in 1941 and 1944 
in early November the ratio of Pineapple 
oranges was higher on an average in the 
plots sprayed in June and July than in plots 
sprayed in August, September and October. 
In 1943 there was little or no difference in 
ratio in the early and late sprayed plots. 
Figures 2, 3, and 4. However, since the 
ratio was low in 1941 and 1944 it would 
seem advisable to apply the oil spray as early 
in the summer as practical. The ratio of 
Excelsior grapefruit did not appear to be 
affected as much as that of oranges by the 
late summer oil sprays. In 1943 and 1944 
the ratio was nat any lower in plots sprayed 
after August 1 than in those sprayed earlier 
in the summer. 

Conclusions. Oil sprays applied after Au- 
gust 1 either delayed or prevented the forma- 
tion of maximum solids, especially during 
the early part of the picking season. During 
some years the ratio in Pineapple oranges 
picked from trees sprayed after August 1 
was lower than in those sprayed in June or 
July. 

When practical, oil sprays should be ap- 
plied in June or July to minimize any effect 
the spray might thave on delaying the forma- 
tion of maximum solids or in delaying ma- 
turity in general. The early oil sprays are 
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especially important on varieties that normally 
have low solids and varieties that are to be 
moved early in the season. 
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CITRUS PRODUCTS RESEARCH 
PROBLEMS 


J. L. HEID 
Florida Citrus Canners Cooperative, Lake Wales 


Within the last year a new Council has 
been formed to “foster, stimulate, and co- 
ordinate research” on citrus products by fed- 
eral, state, and other agencies. Approxi- 
mately a hundred technologists, representing 
the four major United States citrus producing 
areas (Florida, California, Texas, and Ari- 
zona), have organized themselves for the 
purpose of seeking to direct the efforts of 
established research agencies along channels 
of broadest and most pressing interest. Prior 
to this development, the citrus products in- 
dustry had no representative, qualified voice, 
which might be used to influence the efforts 
of investigators employed in state and fed- 
eral laboratories. Research project plans of 
nation-wide interest had never been prepared 
by the citrus industry and presented to agen- 
cies which thad personnel and facilities for 
conducting the work. While these agencies 
have made major contributions to industrial 
developments, some projects of importance 
have not received adequate attention simply 
because their importance has not been em- 
phasized. ae oi 

At an informal conference held in Los An- 
geles in September 1944, about twenty repre- 
sentatives of the Florida, Arizona, and Cali- 


fornia industries formed a temporary or- 
ganization under the name, “Joint Problems 
Board of Citrus Research.” A. J. Lorenz 
served as secretary, pro tems 

Following this meeting, state sections were 
formed, each of which elected an executive 
committee to represent it in national con- 
ferences. In Florida, section officers in- 
cluded: J. L. Heid, J. J. R. Bristow, and L. G. 
MacDowell. In California, section officers 
included: E. J. Draper, E. M. Chace, and 
W. C. Platt. 

A national-organization meeting of sec- 
tional executive committees was held in 
Tampa in January of 1945. A constitution 
was adopted providing for a new name: 
“Citrus Products Research Council.” Officers 
included: J. L. Heid, Lake Wales, Florida, 
Chairman; L. S. Hamme, Weslaco, Texas, 
and Byron Showers, Phoenix, Arizona, Vice- 
Chairmen; and W. C. Platt, Los Angeles, 
California, Secretary-Treasurer. 

For the present it is not the plan or pur- 
pose of this organization to conduct or finance 
research work, but rather to work with agen- 
cies possessing facilities and personnel for 
such work. These agencies include: federal 
and state laboratories, research departments 
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of container manufacturers, and of the Na- 
tional Canners Association, and perhaps in 
some instances the research laboratories of 
individual processors. Later, perhaps, grants 
may be made for special work, but this will 
necessitate changes in the organization. 

It is not the purpose of this Council to 
endorse or sponsor political or industrial ac- 
tions, such as changes in grade standards, or 
maturity legislation, or to cope with prob- 
lems of individual processors. Efforts will 
be confined to seeking to facilitate and co- 
ordinate investigations on problems of in- 
dustry-wide importance. In this field it will 
be the object of the group to work closely 
with associations of canners and processors. 

C. P. Wilson (Research Chairman of the 
Council) and the Research Projects Commit- 
tee have been active in conferring with rep- 
resentatives of the U. S. Bureau of Agricul- 
tural and Industrial Chemistry, of State 
Experiment Stations and of The Florida 
Citrus Commission, and have been instru- 
mental in completing arrangements for work 
on several projects outlined at Los Angeles 
and approved “at the Tampa meeting. 


Ultimate Composition Studies 

The Council’s research program stresses 
the need for fundamental research upon the 
ultimate composition of citrus fruits in re- 
lation to variety, maturity and place of pro- 
duction. Much information has been accumu- 
lated in past years upon the proximate com- 
position of citrus fruits. Commercial methods 
for canning citrus juices have been improved 
as a result of investigations and experience. 
Members of the Council believe that the in- 
dustry has now arrived at a point where 
further improvement in the storage quality 
of canned juices might best be promoted by 
securing detailed qualitative and quantitative 
information regarding the enzymes, nitrogen 
compounds, carbohydrates, pigments, oils, 
fats, waxes, and ash constituents of citrus 
fruits. 

It has been observed that when favorable 
methods are used, canned grapefruit juice 
deteriorates more slowly at high temperatures 
than canned orange juice, while the rate of 
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deterioration of blended juice is intermediate 
between the two. Juice of tangerines and 
navel oranges is subject to the most rapid 
deterioration at unfavorable storage tempera- 
tures. Reducing storage temperatures ex- 
tends the storage life of all these canned 
juices and brings the extremes closer to- 
gether. Quick freezing and storing at 0° F. 
permits holding any of these canned juices 
for several years without appreciable loss of 
quality. 

It was the opinion of the citrus tech- 
nologists that a detailed study of the ultimate 
composition of these fruits might reveal vari- 
ations which could be correlated with the 
stability of canned juices at unfavorable 
storage temperatures, and might furnish valu- 
able clues to improvements in methods for 
processing. 

Contamination Studies 


Another study recommended by the Coun- 
cil is on the effect of contamination of juices 
by metals and micro-organisms, and the effect 
of changes occurring in citrus juices during 
processing. Valuable information has been 
accumulated in this field, but the opinion of 
the Council was that further studies would 
be helpful. 

Standard Methods of Analyses 


In connection with improvement in stand- 
ards for citrus juices, the organization has 
called attention to the obvious need for im- 
provement and standardization of analytical 
methods, to make them uniform and as widely 
applicable as possible. Emphasis was placed 
upon methods for determining peel oil, solids, 
escorbie acid, and air in canned juices. 

The present method used for determining 
peel oil requires 80 minutes and the accuracy 
may be affected by slight variations in labora- 
tory technique. Losses of oil vapors and 
inaccuracies due to surface tension phenomena 
are problems, in addition to the desirability 
of shortening the time required to complete 
a test. 

The determination of total solids (or mois- 
ture) in citrus juices, concentrates and pow- 
ders is complicated by the composition of 
the juice. Air in juice interferes with meas- 
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uring the Brix value by spindle hydrometer. 
The relation of soluble solids, density and 
refractive index is affected by the proportion 
of constituents, particularly sugars and citric 
acid. Because the measurement is routine, 
entrusted to laboratory technicians, probably 
insufficient attention has been given to the 
development of empirical, standardized meth- 
ods assuring uniform results. 

The possibility of manufacturing substan- 
tially dehydrated citrus juices calls attention 
to the need for methods for estimating 
residual moisture. It appears probable that 
titration methods will be best for routine 
tests. If satisfactory commercial products 
become available, the development of de- 
pendable, uniform, analytical methods will 
be necessary for comparisons of drying meth- 
ods, and for the determination of the effect 
of residual moisture upon the keeping quali- 
ties of powdered or granular material. De- 
pendable information on this subject will in 
turn be necessary before commercial opera- 
tions can be successful. 

The estimation of ascorbic acid in citrus 
juice products by dye titration may be af- 
fected by metals dissolved from containers, 
and improved, standardized methods for de- 
termining metals and ascorbic acid are needed 
to insure comparable results. 

The quantity of air closed in containers 
of citrus juice products is a demonstrable 
factor in determining keeping quality. The 
amounts of air involved are small, and while 
individual investigators have developed valu- 
able tests, standardized accurate methods 
would be a valuable adjunct in improving 
and standardizing keeping quality. 

This substantially completes the list of re- 
search projects which have been nationally 
approved by the Citrus Products Research 
Council as being important in all citrus areas 
in relation to the improvement of existing 
citrus products and the development of ad- 
ditiona] desirable products. Citrus processors 
who encounter problems in their operation 
are invited to communicate with any officer 
or member of the Citrus Products Research 
Council for the purpose of having such prob- 
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lems considered for adoption in the Council’s 
program. 

Additional Research Problems 

State Sections have discussed additional 
problems of local and national interest. In 
California the development of improved meth- 
ods for utilizing Navel oranges thas been 
emphasized. 

In Florida, methods for preserving tan- 
gerine juice have been discussed. Ordinary 
canning methods result in a product which 
deteriorates rapidly. Work is needed on 
methods of extracting the juice, on the pos- 
sibility of blending it with other juices, par- 
ticularly grapefruit juice, and on the use of 
special methods of processing or addition of 
“stabilizers” which might prevent or defer 
undesirable flavor changes. 

From sources in and outside of the Re- 
search Council, have come suggestions for 
timely projects. Some of them are worth 
mentioning, such as: 

The preparation of canned citrus products, 
jelled with low-methoxy pectins. 

Additional uses for pectin and other citrus 
peel derivatives. 

Also additional uses for citrus final syrup. 

Study of the reason why synthetic ascorbic 
acid has a lower antiscorbutic power than 
an equivalent quantity of ascorbic acid in 
citrus juice. 

The chemical composition and quantitative 
studies of capillary fragility and permeability 
factors in citrus fruits. 

The possible presence and nature of addi- 
tional supplemental dietary factors in citrus 
fruits. 

Riboflavin changes in citrus fruits during 
ripening. 

Antirachitic tests of citrus juices. 

The composition of, and changes in, the 
juice-sac oils of citrus juices as differentiated 
from peel oils. 

Data on all the physical properties of citrus 
fruit constituents including hesperidin, narin- 
gin, naringenin, hesperetin, decumain, citro- 
netin, aurantin, aeglein, and aurantiamarine. 

Methods of subdividing citrus cannery resi- 
dues for cattle feed manufacture, and the 
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effect upon drying properties and the quality 
of dried products. 

A detailed qualitative study of all the fac- 
tors involved in the darkening, staling, and 
sterile gassing of packaged citrus juice prod- 
ucts. 

The cleaning and sterilizing of citrus fruits 
by use of wetting agents and detergents. 


A study of methods and materials for 
cleaning and _ sterilizing plant processing 
equipment. 


The study of methods for disposing of 
plant wastes and effluents under varying 
conditions of operations is a matter of con- 
stant importance, but is gradually reaching 
a stage where it is becoming principally a 
problem of most advantageous local applica- 
tion of methods. 

Reduction in Peel Oil 

The author of this outline has given atten- 
tion to factors affecting the reduction of 
peel oil in citrus juices during deaeration. 
The analytical method employing steam dis- 
tillation has been modified to provide for 
continuous operation under vacuum as a 
means of efficiently deaerating while effecting 
a partial separation of less stable constituents 
of peel oil. 

In a study of commercial operation of a 
continuous single pass deaerator, the author 
obtained data which indicate that this sepa- 
ration process is not simply a steam distilla- 
tion of immiscible oil, but is at least par- 
tially a fractionation of partially miscible 
liquids. 

Laboratory tests indicated the feasibility 
of reducing the oil content of the juice by 
allowing it to enter the top and pumping 
the juice from the bottom of a fractionating 
column operated under vacuum while intro- 
ducing steam near the base of the column 
and pumping out the vapors from the top. 

By controlling the admission of steam and 
the pressure in the column so that the juice 
leaving the fractionator is at the same tem- 
perature as the juice entering, there is no 
gain or loss in volume of the juice, while air 
and excessive oil may be effectively separated. 

In order to avoid the objection of possi- 
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bilities of dilution a modified design was de- 
veloped in which the vapor generated from 
the juice itself was substituted for steam 
from an outside source. While this compli- 
cated the design of equipment for continuous, 
sanitary operation, no insurmountable diffi- 
culty was encountered. 

This list of research projects of national 
and sectional interest might be extended in- 
definitely, but perhaps those which have been 
listed indicate the scope of work which might 
benefit the industry. 

Abstracts of Current Literature 

Perhaps it is not inappropriate in this dis- 
cussion to call attention to another problem 
which citrus products technologists share with 
workers in related fields. A need of these 
workers is to keep abreast of all published 
technical and scientific literature relating to 
their field. 

As the time which they can apply to this 
work is usually as limited as their library 
facilities, the practical solution is subscrip- 
tion to abstract publications which cover or 
essay to cover periodical] literature of tech- 
nological and scientific interest in the field. 

Among the publications to be considered 
by the citrus products technologist are: ‘The 
Experiment Station Record,” “Biological Ab- 
stracts, Section G: Food and Nutrition Re- 
and “Chemical Abstracts.” 

While the author uses all these abstract 
publications and appreciates their value, he 
does not consider any of them entirely satis- 
factory for the citrus product technologist,— 
first, because none of them covers all tech- 
nological publications relating to the citrus 
industry, and second, because the method of 
classification of abstracts is not suited for 
convenient review by citrus products tech- 
nologists with limited time for the task. Ab- 
stracts of interest to citrus product technolo- 
gists are scattered in these journals under 
numerous classifications which are not to- 


search,”’ 


gether, and are not always indexed, so that 
they can be located only by a page to page 
search of each issue of the abstract journal. 

The problem of classifying technical in- 
formation to facilitate reference by the larg- 
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est possible group of readers is no easy one. 

In the “EXPERIMENT STATION REC- 
ORD” published at monthly intervals by the 
U. S. D. A. Office of Experiment stations, 
abstracts of interest to citrus products tech- 
nologists may be found under the following 
headings: 

Horticulture 

Foods, Human Nutrition 

Agriculturai and Biological Chemistry 

Economic Entomology 

Agricultural Engineering. 

Most references of interest will be found 
in the first two groups, but the others must 
also be searched if everything of interest 
is to be found. 

In “BIOLOGICAL ABSTRACTS, SEC- 
TION G: FOOD AND NUTRITION RE- 
SEARCH,” published at monthly intervals, 
references of interest to the citrus products 
technologist may be found under the follow- 
ing classifications: 

Genera‘ Physiology 

Enzymes and Catalysts 
Physical and Chemical Biology 

Nutrition, Diet, Vitamins, General Metabo- 
Growth 

Vitamins 

Food and Nutrition 

Food Technology 
Bacteriology 

Food and Industrial 
Plant Sciences 


Horticulture 

Systematic Zoology 

Economic Entomology. 

Although this journal has a sub-classifica- 
tion entitled “Food Technology,” most ref- 
erences to fruit and vegetable products tech- 
nology are listed under “Plant Sciences— 
Horticulture.” 

In “CHEMICAL ABSTRACTS,” published 
semi-monthly, abstracts of interest to the 
citrus products technologist may be found 
under the following headings: 

Analytical Chemistry 

Organic Chemistry 

Biological Chemistry 

General 
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Methods and Apparatus 
Microbiology 

Botany 

Nutrition 

Foods 

Water, Sewage and Sanitation 

The Fermentation Industries 

Fats, Fatty Oils, Waxes and Soaps 

Sugar, Starch and Gums. 

While this abstract journal might perhaps 
be expected to carry the most nearly com- 
plete collection of abstracts of interest to 
the citrus products technologist, the section 
under ‘Foods’ places major emphasis upon 
composition and analysis, and much of the 
current literature relating to the manufacture 
and processing of foods is not included in 
these abstracts. 

By searching all the listed sections of all 
these listed abstract journals, the citrus prod- 
ucts technologist cannot be certain that he 
has adequately covered the field of contem- 
poraneous publications relating to his field 
of work. 

It is not surprising that workers in this 
field have expressed their wish for an ab- 
stract journal covering all literature relating 
to food technology, classified from the stand- 
point of the interest of food technologists. 

The development of a suitable system of 
classification is no simple problem. A food 
technology abstract journal or section might 
be subdivided according to the types of scien- 
tific applications as: 

Horticulture 

Plant physiology 

Chemistry 

Biochemistry 

Microbiology 

Zoology 

Enzymology 

Processing and cooking 


Physics 
Engineering 
Cooking and nutrition. 


On another basis, subjects might be classi- 
fied from a standpoint of processes as: 

Packing 

Canning 
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Refrigerated and frozen storage 

Concentrating 

Dehydrating 

Pickling and fermenting 

Sugar preservation 

Miscellaneous 

Recovery of constituents 

Disposal of residues and effluents 

Analytical and composition 

Nutrition 

Still another basis for classification might 
be according to the type of food as: 

Fruits 

Vegetables 

Grains 

Nuts 

Spices 

Meat 

Fish 

Dairy products 

Poultry products 

Condiments 
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Confections 
Beverages. 


A system based upon the chemical con- 
stituents of foods such as, ‘Carbohydrates, 
oils, fats, waxes, nitrogen compounds, etc.,” 
would appear to have little practical value 
to food technologists, and wolld probably re- 
sult in increasing the difficulty of surveying 
current technical literature. 

It is no simple problem, but one which, 
along with the research projects, may profit- 
ably be considered and discussed in the in- 
terest of solving problems of using our food 
crops to the best of advantage. 
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pressed in this article are the author’s own, 
he wishes to express his appreciation of sug- 
gestions made by members of the Citrus 
Products Research Council and by H. W. von 
Loeseke formerly in charge olf the U. S. Citrus 
Products Station at Winter Haven, Florida. 





THE PHYSIOLOGY OF CITRUS FRUITS 
IN STORAGE* 


ERSTON V. MILLER 
Division of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Industry, Soils and Agricultural Engineering, 
U. S. Dept. of Agriculture, Orlando 


Introduction 

Citrus fruits are not held in cold storage 
to the same extent as are deciduous fruits. 
The latter must be removed from the tree 
before they become overripe, while citrus 
fruits, on the other hand, are usually “stored” 
on the tree until marketed. However, there 
are several exceptions to this statement. 
When oranges and grapefruit are delivered 
to the metropolitan areas in quantities too 


*This paper is a digest of a longer article 
covering the same subject which is being 
written for the Botanical Review. 


large for immediate consumption, they have 
to be held in cold storage. In Florida the 
commercial season for shipping oranges 
usually terminates about June 1. While it 
is true that up to this time oranges are held 
on the tree until] marketed, many types of 
oranges tend to dry out and re-green with 
the advent of warm weather and could there- 
fore be held much more advantageously in 
cold storage. This might serve to extend 
the marketing season into the summer 
months. 

In other parts of this country and in for- 
eign countries citrus fruits have been exposed 
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to low temperatures either in storage or in 
transportation and quite a bit of information 
has been accumulated on the behavior of 
these fruits in storage. The object of this 
paper is to attempt to summarize insofar as 
possible the results of the research on this 
subject. 
Changes Occurring During Ripening 

A better understanding of the storage life 
of citrus fruits may be had if consideration 
is first given to a little of the pre-storage 
life. 

According to Harding, Winston, and Fisher, 
when oranges ripen there occurs a gradual 
increase in total soluble solids (principally 
sugars) and a decrease in acids. Concentra- 
tion of the vitamin C in the juice decreases 
slightly,'but at the same time the volume of 
juice is increasing. Actually, therefore, the 
amount of vitamin C per orange increases 
with ripening. Other changes accompanying 
ripening are increases in size, weight, and 
volume of juice, as well as a change from 
a green to yellow color in the rind. Oranges 
do not undergo a softening during ripening, 
as is characteristic of such fruits as apple, 
peach, pear and banana, and they do not 
ripen atter removal from the tree. What 
has been said concerning the ripening of or- 
anges applies also to other types of citrus 
fruits. 

Changes Occurring After Harvest 

If citrus fruits are held too long at rela- 
tively high temperatures following harvest 
they may be attacked by decay-producing 
organisms or may undergo changes which 
render them less attractive, less palatable, 
and less nutritious. The blue mold and stem- 
end decays are all too common to require 
description here in any detail. If the fruit 
does not decay, it will lose water and be- 
come shriveled. In due time, too, there will 
occur a loss in sugar, acids, vitamin C, and 
some of the other substances which impart 
flavor or aroma to the fruit. 

Effect of Cold Storage On Changes In 

Citrus Fruits 

The object of cold storage is to retard 

the changes which occur rather rapidly at 
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ordinary living-room temperatures. To any 
pe:son who has had experience with the 
cold storage of fruits ard vegetables, it is 
quite obvious that growth of the organisms 
causing decay is arrested by the use of low 
temperatures. But what about the other 
changes which are chemical or physical in 
nature? Experience has shown that loss of 


water or shriveling may .be prevented by 
maintaining high enough relative humidity 


in cold storage as well as by the application 
of a moderately heavy coating of wax on 
the fruits or by the use of fairly moisture- 
poof wrappers or box-liners. 

Investigators all over the world have re- 
ported that oranges, lemons, grapefruit, and 
tangerines show a slight loss in acids in cold 
storage but no significant changes in sugar. 
Likewise no significant changes in vitamin C 
have been reported except in tangerines. Or- 
anges have been stored for as long as three 
months without loss of vitamin C and the 
antiscorbutic value of lemons has been stated 
to remain unimpaired so long as the fruit re- 
mains in good condition. As early as 1921 
Hawkins reported that grapefruit in storage 
lost some of the bitter principle (naringin) 
and that as a result of this and the loss of 
acids, the flavor of grapefruit was improved 
by cold storage. A number of years later 
Harvey in California showed that naringin 
in the rinds of grapefruit decreased in storage 
if the fruit was grown in the areas where 
harvest follows a cool period, but that this 
substance increases in the fruit harvested 
following a hot, dry summer. Cold storage 
of lemons produces a slight reduction in the 
materials that make up the cell wall structure. 

Respiration 

In discussing the physiology of fruits it 
should be borne in mind that a fruit con- 
tinues to removal from the 
It absorbs oxygen, burns up sugar and 
acids, and releases carbon dioxide and heat. 
This process is called respiration. 

The rate of respiration of citrus fruits is 
lower than that for many other fruits. At 
32° F., for example, the rate for oranges is 
similar to that of the low-respiring deciduous 


live after 


even 
tree. 
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fruits (apples and pears) while for lemons 
and grapefruit the rate is still lower than 
for oranges. 

Oranges are like certain other fruits in 
that they experience a “climacteric” in res- 


piration. Beginning at the time fruits are 
usually harvested the rate of res- 
pirartion inereases slowly until 
a peak is reached, following which the 


rate drops off gradually and the fruit passes 
into senescence or old age. The peak in 
respiratory rate is called the “climacteric.” 
It has been reported from Australia that the 
storage life of oranges may be extended by 
storing them prior to the development of 
the respiratory climacteric and that the longer 
the interval before the climacteric appears, 
the longer the fruit may be stored without 
the development of a serious percentage of 
decay. On the other hand, some of the 
physiological disorders seem to be related to 
the development of the climacteric after the 
fruits have been stored. It has been reported, 
for example, that more rind breakdown de- 
velops in citrus fruits picked early and placed 
in cold storage than in fruits harvested near 
the end of the commercial picking season, 
which have apparently passed their respira- 
tory climacteric. 

Description of Physiological Disorders 

Occurring In Cold Storage 

It must not be overlooked that certain diffi- 
culties may be encountered in the cold storage 
of citrus fruits. These are physiological dis- 
orders which may develop if the fruits are 
held in storage too long or if stored at the 
wrong temperature. Before discussing the 
occurrence of these disorders, brief descrip- 
tions of the several types will be presented. 

Pitting: Pitting consists of abruptly sunken 
spots in the rind. The spots, though not dis- 
colored at first, may later become slightly 
pink on grapefruit and eventually brown on 
both grapefruit and oranges. Although pit- 
ting may occur at the time of packing or in 
transit, it generally does not develop until 
after a storage period of four to six weeks. 
Pits on lemons usually appear as depressed 
areas in the rind, from 1/16 to 1/2 inch in 
diameter, sometimes retaining their natural 
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color but more often becoming dark brown, 
approaching black. A similar type of rind 
breakdown in limes is not referred to as pit- 
ting because large areas are usually involved, 
and they are more irregular in shape. 

Watery breakdown: Watery breakdown 
gives the appearance to the fruit of having 
been frozen. Fruits are soft and spongy 
and have a water-soaked appearance. 

Brown stain or scald: Brown stain or scald 
of oranges consists in a superficial and uni- 
form browning over relatively large areas 
of the rind, differing from pitting in the 
large areas affected and in not being sharply 
depressed. 

Aging: Aging is sometimes found on or- 
anges and grapefruit after harvest. The rind 
around the stem button or upper part of 
the fruit becomes wilted or shriveled, with 
or without collapse of the rind tissue. 

Membranous stain or membranosis: Mem- 
branous stain or membranosis of lemons is 
characterized by a browning or darkening 
of the membranes or carpellary walls be- 
tween segments, sometimes affecting the inner 
core tissues and inner tissues of the rind. 

Albedo browning: Albedo browning of 
lemons takes the form of a discoloring of 
the white, spongy, inner part of the rind 
which is known as the “albedo.” 

Peteca and red blotch: Peteca and red 
blotch are two superficial blemishes of the 
rind of lemons, the former consisting of 
slight, pit-like depressions and the latter being 
a scald-like surface browning. 

The Development of Physiological Disorders 
In Storage 

Investigators throughout the world have 
not always agreed on the exact temperature 
at which these disorders are most likely to 
occur, and it is possible that differences in 
results may have been influenced by factors 
other than cold storage. As a rule, how- 
ever, pitting and aging in grapefruit are 
generally most pronounced at 40° F., and 
36° to 40° F. appears to be the critical range 
in temperature for oranges. Watery break- 
down and scald are most likely to be found 
in fruit stored too long at 32° F. or lower, 
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and it is believed by some workers that ap- 
pearance of this disorder at 32° may be the 
result of an accidental drop in temperature, 
temporarily at least. In the storage of lem- 
ons, 32° to 40° is not recommended. Pitting 
is usually more pronounced at 32° to 36° F., 
red blotch at 36° to 40° F., and membranous 
stain is worse at 40° F than at higher or 
lower temperatures. Watery breakdown in 
lemons occurs at 32° F. as is the case with 
oranges and grapefruit. Key (Mexican) and 
Tahiti (Persian) limes are subject to rind 
breakdown at 40° F. although they will also 
develop this disorder if held long (eight 
weeks) at 45° F. 
Factors Affecting the Incidence of 
Physiological Disorders 

Although the physiological disorders pre- 
viously mentioned are usually referred to 
as low temperature injuries, there are cer- 
tain other factors which, though not directly 
responsible for the injuries, certainly exert 
a direct influence on the fruits’ susceptibility 
to low temperature breakdown. It has been 
observed in Florida, for instance, that or- 
anges and grapefruit produced in the low 
hammocks are more liable to breakdown in 
cold storage than is the fruit produced on 
the high pine lands. It has been reported 
in Texas that grapefruit from trees receiving 
a high percentage of potash in the fertilizer 
has shown more physiological breakdown in 
storage than that from unfertilized trees. In 
South Africa grapefruit picked from the out- 
side of the tree was found to be more suscep- 
tible to injury in cold storage than was that 
from the inside. Variety is another factor 
in susceptibility to physiological disorder. In 
the U. S. A. the early and midseason oranges 
as a rule are more susceptible to pitting than 
are the late-ripening varieties. The Pine- 
apple orange is the most susceptible variety. 
A number of investigators have reported that 
seedy varieties of grapefruit may be more 
satisfactorily stored than the seedless va- 
rieties. 

Stage of physiological maturity should be 
considered in the storage of citrus fruits. By 
physiological maturity is meant the age with 
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reference to the respirational climacteric. It 
is believed by some that the physiological 
disorders occur in storage just after the fruit 
has experienced its respirational climacteric. 
A low relative humidity im the storage rooms 
is another factor that is conducive to the 
development of pitting on oranges, lemons, 
and grapefruit. Furthermore, the storage 
life of citrus fruits is definitely affected by 
the amount of handling the fruit has received 
prior to storage. Winston and Roberts thave 
conducted experiments on this subject and 


report that: “The washing, color-adding, 
ethylene, and waxing treatments. given 
oranges in packing houses increased rind 


breakdown considerably. All steps appeared 
to contribute to the increase.” 
Methods for Preventing Physiological 
Disorders in Storage 

One of the earliest methods tried for the 
prevention of low temperature injury in 
grapefruit consisted of a pre-storage “curing.” 
Grapefruit were held at 70° to 7&° F. for 
two weeks prior to storage. Later it was 
found possible to shorten the curing period to 
three to five days and to reduce the tempera- 
ture to 65° F. Most of the experiments with 
pre-storage curing of grapefruit have been 
conducted in South Africa where it has been 
placed on a more or less quantitative basis. 
However, the pre-storage curing of grapefruit 
has not been adopted as a regular practice in 
the industry of any country. Curing of 
oranges has not proved successful. 

Another method for preventing cold storage 
deterioration in citrus fruits consists of adding 
a moisture-proof covering. Both waxes and 
wrappers have been tried, and the latter have 
proved a little more satisfactory. Success 
has been reported with the use of moisture- 
proof and _ semi-moisture-proof cellophane, 
pliofilm, and aluminum foil. 

Carbon Dioxide Storage 

Carbon dioxide thas been added to the stor- 
age atmosphere of citrus fruits for the pur- 
pose of lengthening the storage life both by 
reducing decay and by preventing physiologi- 
cal disorders. Attempts at the first have 
usually resulted in development of rind injury 
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or a bitter flavor in the pulp. This no doubt 
was due to the use of too high concentrations 
of carbon dioxide or to too long a period of 
storage in the gas. Some success has been 
reported by workers using 6 percent carbon 
dioxide and 12 percent oxygen. 

A few workers have reported preventing 
physiological disorders by exposing citrus 
fruits to high concentrations of carbon dioxide 
for relatively short intervals before storage. 
However, carbon dioxide storage of citrus 
fruits is still in the experimental stage. 

Ethylene 

Ethylene is mentioned in a discussion of 
this kind, not only because it has been shown 
to exert a definite effect on the subsequent 
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Ethylene treatment definitely affects the 
storage life of citrus fruits in that it has been 
reported to increase the amount of pitting 
and aging of oranges, and red blotch, albedo 
browning, and to some extent membraneous 
stain in lemons, and to accelerate decay in 
oranges, tangerines, grapefruit, lemons, and 
limes. 

Interest in the ethylene was revived among 
physiologists when it was discovered that this 
gas was evolved by fruits and vegetables as 
a product of normal metabolic activity. This 
was first reported in experiments with apples 
but was later found to be true for citrus 
fruits and in addition it was found that de- 
caying fruits evolve the gas more rapidly than 


General Recommendations for Storage of Citrus Fruits 


Recommended} Relative Duration of 
Fruit __| Temperature | Humidity Storage 
Degrees F. | | 
Grapefruit (grown in regions where stem- 
end rot is prevalent | 32-34 | 85-90% 6 to 8 weeks 
Grapefruit (from regions where stem-end | | 
rot is not prevalent | 45-55 | 85-90% | 6 to 8 weeks 
Oranges 34-38 85-90% | 8 to 10 weeks 
Lemons | 55-58 85-90% 1 to 4 mo. 
Limes 45-48 85-90 % 6 to 8 weeks 


storage life of the fruit but also because it 
plays an important role in the physiology of 
citrus fruits in more ways than one. 

When citrus fruits were shipped to the 
Northern markets at the turn of the century, 
it was customary to prevent freezing by in- 
stalling kerosene stoves in the cars. It was 
noted that during transit the fruits assumed 
the characteristic orange color, and it was 
assumed that this was merely a ripening 
process due to the heat generated. In 1921 
it was shown that the active coloring agent 
was to be found in the exhaust fumes of the 
kerosene stove and was not due to heat. In 
1924 it was found that the active agent in 
kerosene fumes was an unsaturated hydro- 
carbon and when ethylene gas was tried, it 
worked as well as the stove gas, if not better. 
Ethylene treatment is now a commercial prac- 
tice and has been used for years without any- 
one’s ever proving that it was this gas and no 
other in the fumes of the stove. 


normal fruits. In recent years also reports 
have been published of the many peculiar 
physiolegie effects that ethylene produces up- 
on other fruits and vegetables in storage This, 
together with the many other facts reported 
in this paper, indicate that proper storage of 
citrus as well as any other fruits and vegeta- 
bles involves a knowledge of plant physiology 
and the many physiological problems involved. 
Conclusion 

In this paper an attempt has been made to 
present the results of reasearch on the phy- 
siology of citrus fruits in storage, and, al- 
though reports from various parts of the 
world have been examined, it is realized that 
the review is far from complete. It is realized 
also that the grower and shipper of citrus 
fruits is interested primarily in obtaining defi- 
nite recommendations regarding the proper 
temperature for storage of citrus fruits and 
the maximum period that they may be held in 
cold storage. The above suggestions, based 
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on recommendations of the U. S. Department 
of Agriculture (Circular 278) are therefore 
included in this paper. 

As mentioned previously in this paper, the 
life of citrus fruits in storage may depend 
upon several factors. Several investigators 
have reported storing oranges and grapefruit 
for periods longer than those recommended in 
this paper. It is possible, too, that certain 
individual crops may not have as long a stor- 
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age life as could be expected on the average. 
It should be remembered that increasing the 
period of cold storage of citrus fruits corre- 
spondingly shortens the period in which the 
fruit will remain marketable following re- 
moval from storage. A regular inspection of 
all citrus fruits in storage is urged if at all 
possible, an<. the life expectancy may be de- 
termined by the appearance of the fruit at the 
time of inspection. 





RESEARCH IN HORTICULTURE DURING THE 
PAST YEAR BY THE FLORIDA AGRICUL- 
TURAL EXPERIMENT STATION 


HAROLD MOWRY 


Florida Agricultural Experiment Station, Gainesville 


Working under war-time handicaps and 
strain which have been as serious and as prob- 
lematical to them as the difficulties which the 
farmers and growers they are serving have 
had to face, the research staff of the Agricul- 
tural Experiment Stations has achieved much 
in agricultural research as have the grcwers 
in agricultural production. 

Station men feel that the past year has been 
a very trying one, but they also feel with a 
modest pride of which they hope growers will 
approve that it also has been a year of nota- 
ble accomplishment in horticultural research. 
Now that peace has come again, they look for- 
ward with high hope, energy, and imagina- 
tion to performing even greater service for 
Florida growers. 

In reviewing Station research of particular 
significance to horticulture during the past 
year, it is necessary to point out immediately 
that the projects that are listed are representa- 
tive and not inclusive, and that the comple- 
tion of most research projects is not accom- 
plished within the short span of a year. In 
fact, most research achievement is the result 
of several or many years of work and en- 


deavor, with a great deal of routine but neces- 
sary and faithful effort involved in the ulti- 
mate accomplishment. 

Vegetables 

One of the most sensational developments 
in Station research during the past year was 
the success which attended the application by 
potato growers in southern Florida of the 
Dithane-zine sulphate-lime spray. Used on 95 
percent of the potato acreage, it proved highly 
effective in controlling blights, and it and good 
growing weather were responsible for the 
highest yields on record in that section. 

Marked progress was made against that 
bane of tomato growers—Fusarium wilt. 
Studies and field tests which began several 
years ago resulted in development of several 
strains which proved immune to wilt in the 
field. The best of these will be given further 
tests for yield and quality, and seed will prob- 
ably be released for market within. the next 
year. 

Comprehensive analyses revealed that veg- 
etables grown in Florida compare very favor- 
ably with those grown in other states in vita- 
min content. This research showed that the 
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vitamin content of some vegetables grown on 
soil in one particular section may be higher 
than that of the same vegetables grown in 
another section, but that of other vegetables 
grown on the latter may be higher than those 
grown on the former. In other words, the 
beans in one section might have a higher 
vitamin content than those grown in another, 
but the cabbage grown there might have a 
smaller content than cabbage grown else- 
where. The effect of fertilizer on the vitamin 
content of an individual vegetable plant was 
found to be negligible, but the application of 
adequate amounts of proper fertilizer had a 
decided influence on the vitamin content of 
the whole crop simply by increasing the yield 
and quality. 

Of 11 methods of fertilizing cabbage on 
mineral soils, the highest yield—18.5 tons per 
acre—was obtained from a special 10-7-5 fer- 
tilizer, applied in the drill at the rate of 1500 
pounds per acre. The nitrogen in this mix- 
ture was inorganic, being derived approxi- 
mately half and half from nitrate of soda and 
nitrate of potash. The yield exceeded cabbage 
which received a ton of 5-7-5 fertilizer per 
acre in the drill, production from the planting 
given the 10-7-5 fertilizer topping the other 
by 4.7 tons or 34 percent. Nitrogen in the 
5-7-5 mixture was 75 percent inorganic and 
25 percent organic. While the ton of 5-7-5 
followed by a side-dressing of 150 pounds of 
nitrate of potash per acre 32, 70, and 107 
days after transplanting cabbage increased the 
yield 2.7 tons per acre over a single applica- 
tion of a ton of 5-7-5 per acre, this treat- 
ment was not as effective as the 10-7-5 ap- 
plied in the drill. 

Tests with liquid fertilizer of 16-20-20 
analysis in comparison with 10-7-&, 5-14-2.3, 
and 4-7-5 with cabbage revealed that the 
liquid was no more effective than the dry, 
while a similar test with two formulas of 
liquid fertilizer and a dry mixture which sup- 
plied substantially the same amounts of nitro- 
gen, phosphoric acid, and potash showed no 
significent difference in yields of English peas. 

Plots of cabbage treated with DDT dust 
produced approximately 15 tons per acre of 
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marketable cabbage, while plots treated with 
three other insecticides produced 9%, 6, and 
6 tons per acre respectively. Untreated check 
plots failed to produce as much as % ton per 
acre. While butterflies of caterpillars were 
numerous, the plots treated with DDT still 
held good cabbage 60 days after the second 
of two applications. 

DDT in insecticidal dusts and sprays was 
also found highly effective against leaf-rollers, 
leaf-hoppers, flea-hoppers, thrips, loopers, cut- 
worms, and other pests of vegetables. 

Spergon was proved to be a very effective 
control of powdery mildew of English peas. 

Failure of celery seedlings in some plant 
beds turned out to be associated with pH 
values higher than 6.0, and applications of 
sulphur to increase acidity of such soil re- 
sulted in considerable improvement in plant 
growth. 

Tung 

Tung research placed additional emphasis 
on the need of zinc with this crop on all soil 
types where it is grown, the special need of 
minor elements on sandy soils, and the im- 
portance of potash on the clay soils of north- 
ern Florida. Studies and observations also 
showed that the legume cover crop is of great 
importance in tung culture and production. 

Citrus 


Further improvement was made in the 
process for concentrating citrus juice by freez- 
ing. In view of the excellence of taste of 
this concentrate when restored to the con- 
sistency of fresh orange juice by addition of 
water, and the prospect of very heavy pro- 
duction during the next few years, this project 
is considered of special significance. Perfec- 
tion of the concentrate process so that it may 
be extensively performed by industry could 
result in a very considerable portion of the 
citrus crop being used for this purpose. 

Research is continuing on the important 
matter of preventing loss of citrus fruit from 
decay during the period from picking to con- 
sumption, and considerable headway has been 
made. Ninety tests with 57 different chemi- 
cals, at the usual concentration of 500 parts 
per million, were made to determine fungicidal 
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or fungistatic action. Fruit was treated by 
immersion and by painting the buttons with 
these chemicals. Two compounds provided 
good control of stem-end rots and molds. 
Packing house application of these treatments 
is under consideration. 

Major attention is being given to the 
“Spreading Decline” disease of citrus. Af- 
fected trees show sparse foliage and many 
dead twigs and branches, and they produce 
only small amounts of fruit of inferior qual- 
ity. Experimental work, which began in 
April, 1945, includes investigation to determ- 
ine prevalence of the disease, its seasonal de- 
velopment, effect on trees, nature of the dis- 
ease, and control. 

To obtain information that will enable 
growers to make more economical and efficient 
use of their irrigation water, studies on soil 
moisture relation have been made on several 
representative citrus soils of the East Coast. 

Investigation of salt content of water from 
the Davie Canal system revealed that during 
periods of sparse rainfall in the Okeechobee- 
Davie area, when there was little or no flush- 
ing of this system with fresh water, the salt 
content of water below the docks became dan- 
gerously high for agricultural use on occa- 
sion. 

Even after irrigation or heavy rain, much 
soil under old citrus trees in light sandy areas 
on the ridge is not wet. Examination showed 
that surface soil under each tree acquires a 
condition which tends to shed water from the 
subsoil except in periods of very excessive 
rainfall. Findings from this work indicate the 
necessity for improving efficiency of the irri- 
gation. 
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Results of physiological studies of foliage 
and fruit indicate that adequate fertilization 
of citrus depends on maintenance of a range 
in the nutrient balance that will give maxi- 
mum nutrient absorption by the trees. These 
studies revealed that as the amount of a fer- 
tilizer element is increased, the amount found 
in the tree increases somewhat proportionate- 
ly. They also showed that many nutrient 
elements affect the tree’s absorption of other 
elements. An increase in absorption of one 
element may result in a decrease in absorp- 
tion of one or more other elements, even 
though the amounts of the latter in soil or 
fertilizer are unchanged. 

In spraying citrus to control scale, it was 
found that the oil deposit on the leaves is 
higher when the impetus with which it is ap- 
plied is increased. The deposit was higher 
when the material was applied by a hard 
driving spray than from a mist spray, and 
the kill of scale was also proportionately 
higher. Moved at the rate of 1.2 miles per 
hour, a mechanical sprayer equipped with an 
airplane propeller gave satisfactory control, 
but when moved at a faster rate, the cover- 
age efficiency decreased as well as the kill per- 
centage. This, as well as the project on pre- 
venting loss from decay, is a cooperative en- 
deavor with the Florida Citrus Commission. 

The Agricultural Experiment Stations are 
carrying on many other horticultural research 
projects—in selecting and testing varieties, 
fertilization, pest control, fertilization, har- 
vesting, methods, and cultural practices—but 
the examples that have been cited are repre- 
sentative of the work that is being done. 
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TUNG OiL PRODUCTION IN FLORIDA 
G. H. BLACKMON 


Florida Agricultural Experiment Station, Gainesville 


Tung oil, which is expressed from the seed 
in the fruit produced by the tung tree 
(Aleurites fordi, Hemsl.), is one of the best 
drying oils known and is therefore utilized 
in numerous industries. It was of major 
importance in various phases of the war effort 
and was used in many 

The tung tree introduced into the 
United States China in 1905 by the 
United States Department of Agriculture and 
since that time many thousands of acres 
have been planted to tung. Research with 
this important crop was started by the Flor- 
ida Agricultural Experiment Station in 1912 
when the first trees were planted in the 
Horticultural Test Grounds at Gainesville. 

In addition to the investigations being con- 
ducted by the Florida Agricultural Experi- 
ment Station, the United States Department 
of Agriculture is carrying on an extensive 
research program, started in 1938 when lab- 


ways. 
was 
from 


oratories were established in the South in 
the principal tung-growing areas. The Bu- 
reau of Plant Industry, Soils and Agricul- 


tural Engineering has laboratories located 
at Gainesville, Florida; Cairo, Georgia; Fair- 
hope, Alabama; and Bogalusa, Louisiana, The 
Bureau of Agricultural and Industrial Chem- 
istry also is conducting investigations with 
tung oil and by-products in laboratories lo- 
eated at Gainesville, Florida, and Bogalusa, 
Louisiana. In Florida there is a great amount 
of work being carried on cooperatively be- 
tween the laboratories here and the Experi- 
ment Station, and this relationship has made 
it possible to investigate numerous problems 
in connection with the rapidly developing 
tung industry. 


Importance and Uses 


of Tung Oil 
Since tung oil is such an important drying 

oil, it is utilized in large quantities in a 

great many industries. It has been used in 


China for many centuries and continues to 
be extracted in large quantities by the same 
hand methods that have been in use for hun- 
dreds of years, although late reports are that 
machine methods are being employed to some 
extent. 


Tung oil is used in the manufacture of 
varnishes, enamel] paint, floor paint, flat wall 
paint, paint driers, and with resin to make 
the waterproof or spar varnishes. It is also 
used in the manufacture of oil cloth, linoleum, 
waterproofing cloth, and many other articles. 
The electrical industry utilizes large quanti- 
ties of tung oil in making insulating com- 
pounds for cables, dynamos, motors, and for 
various other purposes. 

In spite of its importance in other indus- 
tries, it is in connection with paints that 
tung oil is probably most commonly asso- 
ciated. Tung oil paints give a glossier finish 
than linseed oil paints, being more like enamel 
in this respect, and therefore provide a 
smooth surface which can be easily cleaned. 
It is said that tung oil paints are somewhat 
more resistant to fungus attacks than ordi- 
nary paints and are thus of added importance 
in the warmer parts of the United States. 

There has been an increasing demand for 
tung oil in American industries, which al- 
ready utilize more of the oil than those of 
any other country. Extensive research con- 
ducted with tung oil has greatly expanded 
the uses for the product in many new and 
different ways. There are many uses which 
have proven greatly beneficial for protection 
of various products of war. 


Sources of Tung Oil 
The principal source of tung oil has been 
China. The imports into the United States 
as supplied in statistics by the Bureau of 
Foreign and Domestic Commerce, United 
States Department of Commerce, from 1925 
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to 1940, have varied from a low of 75,922,000 
pounds in 1932 (1941 given for part of year 
only) to a high of 174,885,000 in 1937. The 
annual imports during this period are pre- 
sented in Table 1. It will be noted that 
there was a considerable reduction in the 
quantity of tung oil imported for each of 
the years 1938, 1939, 1940 and 1941, which 
reflects the curtailment of exports from China 
due to the war. 


TABLE I.—Tung oil importations into United 


States. (From U. S. Dept. of Commerce, 
Bureau of Foreign and Domestic Com- 

merce). 
Year_ j - Pounds Year | Pounds ; 
1925 101,554,000 1933 118,762,000 
1926 83,004,000 193¢ 118,762,000 
1927 89,650,000 1935 120,059,000 
1928 109,222,000 1936 134,830,000 
1929 115,678,000 1937 | 174,885,000 
1930 126,323,000 1938 | 107,456,000 
1931 79,311,000 1939 78,718,000 
1932 79,311,000 1939 | 78,718,000 
1932 75,922,000 1940 | 97,049,000 
1941* 25,894,000 


*January 1 to September 30. 


The Tung Reports by the U. S. D. A. Bu- 
reau of Agricultural Economics Crop Re- 
porting Board shows a total production of 
73,860 tons. The 1944 yield in Florida 
amounted to 7,000 tons, while the total for 
the United States is given at 30,400 tons, 
which is the largest of record. The 1945 
crop should be somewhat better than that of 
1944. Thus it will be seen that American 
production of tung oil is gradually increasing 
but it has not yet reached a point where it 
can supply more than about 6 percent of 
the oil used by domestic industry in the 
peak year of consumption prior to the war. 

The average yield of oil per ton of fruit 
is approximately 320 pounds, although some 
growers may obtain somewhat greater 
amounts. Thus fruit production in the 
United States from 1939 to 1944 has given 
about 23,635,000 pounds of oil, 9,728,000 
pounds of which will come from the 1944 
crop. The total for Florida during this same 
period has amounted to 6,048,000 pounds of 
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oil, with 2,240,000 pounds coming from the 
1944 crop. 

The existing emergency regarding tung 
oil stock for American manufacturing and 
War uses thas brought about an abnormal con- 
dition in the price of the oil. Consequently 
tung oil is now selling at a price much higher 
than that received before the present situa- 
tion arose. From 1923 to 1929 the price of 
oil averaged about 12 cents per pound; after 
1929 the price declined until it reached a 
low of about 4 cents per pound in 1933 and 
1934. After 1934 the price increased some- 
what until 1938 and after this it rose rap- 
idly. Now the price of the oil is about 36 
cents per pound. Some growers who do not 
have mills sell their fruit to the expressing 
plants, while others have the oil expressed 
at a custom price of so much per ton of 
fruit and sell the oil at the stipulated price 
per pound. It should be pointed out that 
tung oil is now selling at a high price and 
that some time after the war this situation 
will change. When the price of oil does de- 
cline it will be those orchards favorably 
located as to soils and climate that can be 
continued in production. 

According to the U. S. D. A. Crop Reports, 
the average price per ton of fruit received 
by growers in the United States ranged from 
$41.90 in 1939 to $100 in 1944. The price 
in Florida ranged from $40.00 in 1939 to 
$93.00 in 1943 and $95.00 in 1944, In- 
cluding the 1944 production, tung growers 
have received $6,641,000 for the fruit, and 
of this amount $1,569,000 represents the 
value of tung fruit in Florida since 1939. 
The production of fruit and the amount of 
money received by growers in the United 
States are presented in Table II. 

TABLE II.—Tung Fruit (Nut) Production 
in United States. (From U. S. D. A. Crop 


Reports). United States Florida 
7 _| Tons | Value | Tons | Value _ 
1939 | 1,160 |$ 49,000 | 550 |$ 22,000 
1940 | 11,000 | 660,000 | 4,700 | 282,000 
1941 8,780 | 773,000 | 2.250 | 202,000 
1942 | 16,350 | 1,501,000 | 3,700 | 333,000 
1943 6,200 | 897,000 | 700 | 65,000 
1944 | 30,400 | 3,044,000 | 7,000 | 665,000 











Development in the United States 


In 1906, Mr. Wm. H. Raynes planted on 
his plantation near Tallahassee 5 tung trees 
which had been distributed by the U. S. D. A. 
Plant Introduction Gardens, Chico, California, 
but only one survived. Mr. Raynes kept 
rather complete notes on this tree and re- 
corded the yields from the time it came into 
bearing until his death in 1914. In 1913, 
the Paint Manufacturers’ Association ex- 
pressed 2.2 gallons of oil from fruit produced 
by the Raynes tree, this being the first 
American-grown tung oil. The tree 
died in 1940 when it was removed to a new 
location to get it out of the way of a new 
highway being built and at that time it had 

5 Plant- 


Raynes 


a trunk circumference of 5.29 feet. 
ings were made in the Tallahassee area with 
seed from the original Raynes tree, one of 
which was made by Mr. Tennant Ronalds 
consisting of 4 acres, but later increased to 
40 acres. 

The 10 original trees planted in the Horti- 
cultural Grounds at Gainesville were received 
from the United States Department of Agri- 
culture in 1912. Some of these died but 
they were replaced in 1914 with others re- 
ceived from the Department. Nine of these 
trees are living at the present time, and they 
continue to grow and are still productive 
after a period of years ranging from 31 to 
33 years. Tree No. 5, one of the weakest 
trees of the lot, was killed by the extreme 
cold of November 15, 16 and 17, 1940. The 
yields of the 9 trees have varied considerably 
from a low of 5.5 pounds of seed annually 
for No. 3 to a high of 63.3 pounds for No. 9. 
Two of these trees have outstanding records 
and have produced yields well above the 
others. Tree No. 2, known as the Florida, 
produces its fruit in clusters and has an 
annual average production of 34.9 pounds 
of seed which yielded 12.0 pounds of oil over 
a 22-year period. Tree No. 9, however, which 
produces its fruit singly, has a higher pro- 
duction and has averaged 63.3 pounds of 
shelled seed over the same 22 years with an 
annual yield of 21.8 pounds of oil. The No. 2 
seems to be somewhat more precocious than 
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No. 9 and apparently will yield heavier dur- 
ing the first few years after attaining bearing 
age. On the other hand, No. 9 is more vigor- 
ous in growth and will attain larger size 
during a given period of years, according 
to research conducted by the Florida Agri- 
cultural Experiment Station with the progeny 
of these two trees. Because of the high 
yield performance of No. 2 during the early 
years and because of the fact that it bears 
its fruit in clusters, the seed from this tree 
was used extensively in starting some of the 
early plantings in Florida. Seed from these 


early plantings have been widely dissemi- 
nated: therefore Tree No. 2, directly or in- 


directly, has been the foundation for a con- 
siderable acreage of tung plantings in the 
United States. 

Soon after 1930 interest began to be mani- 
fested in commercial tung culture as a result 
of the production of the original trees on 
the Florida Experiment Station grounds, and 
a small orchard was planted near Gainesville. 
Later the American Paint and Varnish Manu- 
facturers’ Association planted an experimental 
orchard in this area, but this test planting 
failed because the land was too wet for growth 
of tung trees. Since these early trials, or- 
chards in various sizes have been planted 
in Florida, and in 1940 there were 1,208,764* 
trees of all ages in the state. Since the 1940 
Census Report there have been many thou- 
sands of trees planted in Florida as well as 
other Southern states, and therefore the num- 
ber of trees now growing in the United States 
is much larger than that given for 1940. 

Plantings of tung in states other than Flor- 
ida with the number of trees of all ages for 
each as of 1940 were*: Mississippi, 9,481,- 
143; Louisiana, 1,758,819; Georgia, 80,360; 
Alabama, 102,972; Texas, 37,183; California, 
1,443. and South Carolina, 560. 

Soils and Location 

It is important that suitable soils be se- 
lected on which to locate the tung orchard. 

*Number of trees for each state from the 
Reports of Sixteenth Census of the United 
States. 
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Trees thhave grown best on soils with a friable 
clay subsoil which may be classed generally 
as well drained sandy loams of the good 
farming lands of North Florida. Various soil 
samples from different tung orchards in Flor- 
ida have been taken and the pH of these 
indicate that the soil should at least be mod- 
erately acid in reaction. The soils must have 
good water drainage and the site of the 
orchard should have adequate air drainage to 
avoid undue losses from freezing tempera- 
tures which may occur after the trees force 
into bloom. 


The importance of the location of the tung 
orchard with reference to cold cannot be over- 
emphasized. In certain areas where the mass 
of cold air is likely to flow in after periods 
of warm weather force the trees into growth, 
the losses will be greater than where such 
is not the case. But, within the best areas 
as to general elevations, there are some loca- 
tions and pockets of low lands which have 
poor air drainage, and these dangerous spots 
should not be planted to tung trees. How- 
ever, there is a direct correlation between 
the relative dormancy, growth and vigor of 
the trees and cold damage. In general it 
can be said that when tung trees are thor- 
oughly dormant they can stand relatively 
low temperatures without injury, though 
there will be some variation between indi- 
vidual trees. On the other hand trees in 
active growth, or just forcing into growth, 
are subject to losses during freezing tem- 
peratures, especially in killing the bloom buds. 
Tung trees require enough cold for termi- 
nating their rest period, and for this reason 
they do not succeed in the warmer parts of 
the state. 

Planting 


Tung orchards have been planted almost 
entirely with seedling stock, but experiments 
are under way with budded and grafted trees. 
Large-scale experiments with budding and 
grafting are also being conucted by the U. S. 
Department of Agriculture Tung Investiga- 
tions Laboratories, and these will supply much 
needed information as to the possibilities of 
improving production by these methods of 
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propagation. Tests at the Florida Station 
show that prolific trees with the most stable 
characteristics will transmit such prolificness 
to a high percentage of seedlings grown from 
seed produced by such trees. Therefore, 
growers do not hesitate to plant large acre- 
ages with seedling trees grown from seed 
selected from trees that are vigorous and 
productive. 

Two methods are employed in starting the 
orchard: one is the transplanting of trees 
grown in the nursery and the other is spot 
planting seed in the permanent location. The 
first method was used exclusively by the early 
planters, but in later years thousands of 
acres have been spot planted. As to which 
is the best is largely a matter of personal 
preference, unless budded trees are being 
used in which case it would be better to bud 
the trees in the nursery and transplant them 
to the orchard. 

Several planting distances have been used. 
Some large orchards are set 15 by 30 ft., 
others 20 by 30 ft., 25 by 25 ft., a few 30 
by 30 ft., and one small planting 50 by 50 
ft. There is a tendency now for trees to be 
set farther apart than at first, and it would 
seem that 30 by 30 feet is about the minimum 
distance apart for trees on suitable soils and 
locations with adequate growing conditions 
provided. 

Fertilizers and Cover-Crops 

Fe:tilization and the maintenance of soil 
fertility are of great importance in connec- 
tion with successful tung culture. Fertilizer 
mixtures should contain nitrogen, phosphoric 
acid, and potash in percentages which will 
vary under different conditions of soils and 
cover-crops grown. During the first two or 
three years one-half to one pound for each 
year of attained age of the trees will gen- 
erally take care of the requirements. This 
mixture should contain approximately 4 per- 
cent nitrogen, 7 percent phosphoric acid, and 
5 percent potash, and would be stated as a 
4-7-5. After this period the trees will gen- 
erally require more potash than that con- 
tained in such a mixture and the potash 
should be increased to about 8 percent, with 








140 


the phosphoric acid also increased to 8 per- 
cent and this would be shown as a 4-8-8 and 
should be applied at the rate of about on2 
pound for each year of attained age of the 
tree; thhowever, in soils with low fertility the 
amount should be increased to about 2 pounds 
per year of tree age. Thus under average 
soil conditions a 5&-year-old tree would re- 
ceive 5 pounds of fertilizer, while on those 
of less fertility the applications would be 
increased to about 10 pounds. This rate of 
fertilization based on the age of the trees 
would allow for gradually increasing amounts 
each year as the trees grow older. 

Fertilizers are applied during the spring 
just before or about the time the trees force 
into growth, and under average conditions 
late February and during March would be a 
suitable time to make the applications. The 
soil should be disked after distributing the 
fertilizers, but this can wait until the winter 
cover-crops have made maximum growth 
when they should be worked into the soil, 
and both operations can be done at the same 
time. Where a heavy crop of legumes are 
grown and returned to the soil, the fertilizer 
mixture need not contain as much nitrogen 
as when such a program is not practiced. 
During years of heavy tung crops, a second 
application of fertilizer should be applied, 
consisting of nitrogen and potash, at the rate 
of one to three pounds per tree, depending 
on age. 

In addition to the regular fertilizers con- 
taining nitrogen, phosphoric acid, and potash, 
tung trees in many areas require one or more 
supplements applied for best growth and pro- 
duction. The lack of certain elements in 
the soil in which tung trees are growing pro- 
duces various disorders which are manifested 
by definite symptoms characteristic of the 
particular condition brought about by a de- 
ficiency of that element. Some of the de- 
ficiencies are more serious than others in 
retarding growth and fruit yield. 

The most important of the deficiencies in 
many parts of the state is that of zinc, which 
is characterized by malformation and bronzing 
of the leaves, shortening of the internodes, 
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and the development of a rosette as growth 
progresses. This physiological disorder made 
its appearance in tung trees soon after some 
of the first commercial plantings were made, 
and it was commonly called bronzing due 
to the color of the leaves. Bronzing causes 
a weakened condition of the trees, and in 
cold weather severely affected trees may be 
killed to the ground. The trouble is corrected 
by the application of zine sulfate to the soil 
or to the leaves as a spray. Bronzing threat- 
ened to retard seriously the development of 
the tung oil. industry when it first made its 
appearance, but research conducted by the 
Florida Agricultural Experiment Station de- 
termined the cause and evolved methods of 
control. 

Manganese and iron deficiencies have also 
been identified through research at the Flor- 
ida Station. Manganese deficiency presents 
as its most typical symptoms a chlorosis in 
the leaves which has been designated as 
“frenching.”” It.can be corrected with man- 
ganese sulfate applied either to the soil or 
to the tree in a foliage spray. While man- 
ganese deficiency has been quite common, 
it has not retarded growth and fruiting to 
the extent that is true with zine and some 
others. Iron deficiency has been noted only 
in limited localized areas in a few orchards. 
It has been rather confined to definite sec- 
tions in the affected orchards where groups 
of trees showed the typical chlorosis in the 
leaves. When severe, the affected trees make 
poor growth and produce light crops of fruit. 
Iron deficiency is corrected with iron sulfate 
applied to the soil in which the affected trees 
ave growing, or sprayed on the leaves. 

The Florida Experiment Station and the 
U. S. D. A. Bureau of Plant Industry, Soils 


and Agricultural Engineering, cooperating, 
have identified two other deficiencies and 


worked out the needed control measures. One 
of these is caused by too little copper avail- 
able in the soil and the other is due to a 
lack of magnesium. Growth and production 
are greatly retarded when trees are severely 
affected. 


Severe copper deficiency has been observed 
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in some orchards in the Gainesville and Willis- 
ton areas. The disorder can be identified 
by the reduction in the size of the leaves, 
and later by defoliation and, in advanced 
cases, the dying back of the terminal twigs. 
The development of the cupped shape of the 
leaves has suggested the name “cupping,” 
by which the deficiency is commonly called. 
This disorder is corrected by applications of 
copper sulfate to the soil or in a solution 
sprayed on the foliage. 

Magnesium deficiency has been quite preva- 
lent in certain areas where tung trees are 
being grown on some of the sandier soils and, 
when severe, it affects growth and produc- 
tion. It is characterized by marginal leaf 
scorch and in some instances the necrotic 
areas in the leaf progress inward between 
the veins, closely resembling symptoms of 
potash deficiency in tung leaves. The visible 
symptoms usually are not evident until July 
or later. Premature defoliation takes place 
in late summer on trees severely affected. 
This deficiency is controlled by the applica- 
tion of magnesium to the soil, and since the 
sulfate is soluble, it is used for quick results. 
Dolomite also can be applied when the mag- 
nesium sulfate applications are made, but 
considerable time will be required for the 
magnesium in the dolomite to become avail- 
able to the trees. 

Owing to the fact that sandy soils are low 
in organic matter, it is necessary to grow 
ond return cover crops to the land for bes 
results in maintaining tung production. There 
are several green manure crops which can 
be utilized, and for this purpose legumes are 
best since they fix and return atmospheric 
nitrogen to the soil in addition to organic 
matter. 

During the first several years after starting 
the orchard the main area cultivated through- 
out the summer is a narrow strip on each side 
of the tree rows. This permits the growing of 
some satisfactory summer legume such as one 
of whe Crotalarias, which will produce a heavy 
tonnage of organic material to be returned to 
the soil. Crotataria intermedia is a good 
cover-crop for this purpose as it is a rank 


growing legume, and beggarweed also is sat- 
isfactory, as is Alyce clover in favorable lo- 
cations. 


Winter cover-crops are among the most 
important in tung culture and several can be 
grown satisfactorily on lands which have a 
considerable amount of clay. Soils with lit- 
tle clay and those of a deep sandy nature are 
generally not adapted for the successful 
growth of these winter legumes, although un- 
der some conditions with late planting and 
heavy fertilization fairly good results can be 
obtained with some of these crops. These 
winter legumes give excellent results in the 
program for the maintenance of soil fertility, 
since they grow at a time when the trees are 
dormant and there is no competition with 
them for the moisture in the soil. They fit in 
well with the general orchard cultivation pro- 
gram since they can be disked into the soil at 
the time when the spring fertilizers are worked 
in, 

There are several of these winter legumes 
which are adapted for growing in orchards in 
var.ous locations, and from the list it will be 
possible for a grower to select one which will 
succeed under suitable conditions. Blue lupine 
(Lupinus angustifolius) is provingtobe a 
valuable eever ercp to grow during the win- 
ter on suitable soils in the general tung pro- 
ducing area of Florida and the other South- 
ern states. The seed are planted in the fall 
and the plants produce a heavy tonnage of 
g:een material which supplies organic matter 
in the soil. Several vetches also are satisfac- 
iory as winter cover-crops, hairy vetch being 
cne of the most commonly grown as a green 
manure crop. The Augusta vetch (Vicia an- 
gustifolia) has been used to some extent and 
under favorable conditions produces adequate 
seed for a volunteer stand of plants each year 
after the planting has become established. 
However, during some years, although there 
may be heavy seed production, the plants do 
not make enough growth, because of certain 
stem diseases, to supply a profitable tonnage 
of green material. Austrian winter peas have 
been planted extensively in the past, but now 
they are not used as much as lupines. The 
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seed are readily obtainable and the plants will 
often attain growth somewhat quicker than 
the vetches, and are thus ready for disking 
into the soil at an earlier date in the spring. 
There are other legumes being investigated 
a: possib'e winter cover crops, but at present 
those mentioned are the most commonly 
planted. 

All of these winter legumes must be fertil- 
ized under normal conditions, and when plant- 
ed where they have not been grown previous- 
ly, the seed must be inoculated with the proper 
bacteria, to insure a profitable growth of the 
tops. The fertilizers usually consist of 300 
or 500 pounds per acre respectively of super- 
phosphate or basic slag applied just before or 
at the time the seed are planted. When they 
are applied with the seed, care should be ex- 
ercised to keep the fertilizer from coming in 
direct contact with the seed; otherwise poor 
germination may result. 

The cultivation of the tung orchard is not 
very intensive. During the first two to four 
years after starting the orchard the tree rows 
should be kept cultivated with a disk harrow 
to prevent the growth of weeds and grass 
which will compete with the young trees for 
moisture and plant foods. The entire area 
between the tree rows should be cultivated 
with a disk in spring and again in the fall 
when planting the winter cover-crop seed and 
preparing the land for harvesting the tung 
crop. However, if droughts occur during the 
growing season of the trees, it will be neces- 
sary to disk the land or mow the vegetation 
to check growth of weeds and grass in order 
to conserve the moisture of the soil. In bear- 
ing orchards the two general cultivations in 
spring and fall are all that are required, ex- 
cept when needed during dry periods. 

Harvesting.—The methods employed in har- 
vesting tung fruits are quite simple. When 
the fruits are mature in the fall they drop 
from the trees, and they are allowed to re- 
main on the ground until dry. They are then 
picked up by hand and either sacked and 
placed in covered sheds for further drying, 
or placed loose in well-ventilated buildings 
erected especially for the purpose. Some 


growers are working on mechanical harvest- 
ers and apparently some progress is being 
made. 

The first mill to be built in America, and 
in the world, for complete modern mechanical 
expressing of the oil from tung was erected 
in 1928 by the Alachua Tung Oil Company 
near Gainesville, which initiated commercial 
production of tung oil in the United States. 
From this mill the first tank car of American 
tung oil was shipped from Gainesville in 1930, 
17 years after the first oil was expressed from 
American grown tung fruit produced by the 
Raynes tree near Tallahassee. In addition to 
the mill at Gainesville, there are two others 
located in Florida, one at Brooker and one 
at Capps. There are mills also in Georgia, 
Alabama, Mississippi and Louisiana. These 
expressing plants have facilities for taking 
care of the present production of tung fruit 
in the United States. 

These expressing plants contain modern 
equipment for decorticating the fruit, grind- 
ing the kernels, and expressing the oil from 
the kernels. The decorticator, which con- 
sists of a rotary disk and huller, removes the 
hull or husk and a good part of the covering 
from the seed. The seed kernels are delivered 
by conveyors from the decorticator to the 
grinders and then to the press. There the 
meal passes through the press, generally a 
screw type, where the oil is expressed under 
pressure. The oil is then passed through fil- 
ters for the removal of any solid matter and 
for clarification and is then placed in storage 
tanks or in tank cars for shipment. 

American produced tung oil is of high and 
satisfactory quality. The oil is light :amber 
or light golden in color and is nearly trans- 
parent after it has passed through the filters. 

Residue.—The tung cake, which is the resi- 
due left after the oil has been expelled, con- 
tains various percentages of oil, sometimes 
as much as five or six percent. This would 
be worth several dollars per ton of fruit at 
present prices, if the oil could be recovered. 
This problem is being investigated by the U. 
S. Department of Agriculture in an effort 
to develop improved methods of expelling 
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or extraction, including the possibility of ex- 
tracting the oil by solvents. Reports are to 
the eifect that progress is being made by 
chemists and engineers in this field of re- 
search. 

The hulls and cake are the principal by- 
products remaining after the oil has been ex- 
tracted from tung fruit. These have been 
found to have fertilizing value and so are 
returned to the soil in tung orchards as a part 
of the fertilizing program to maintain soil 
fertility and to supply the trees with a portion 
of the required nutrients. Certain lots of 
cake analyzed by the Florida Station Chemist 


contained 6.00 percent moisture, 5.90 per- 
cent nitrogen, 1.97 percent phosphoric acid, 
and 1.41 percent potash. The hulls analyzed 
contained 14.40 percent moisture, 0.74 per- 
cent nitrogen, 0.38 percent phosphoric acid, 
and 3.09 percent potash. 

In less than half a century, tung oil pro- 
duction has become of commercial significance 
in Florida and other Southern states. During 
this time much has been learned about tung 
culture through research and_ experience. 
Therefore, for a continued successful produc- 
tion, tung orchards must be favorably located 
as to soils and climate, and properly managed. 
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It is impossible to overestimate the im- 
portance of microbiological action in soils, 
yet, because of their obscurity, the soil micro- 
organisms have received but scant attention. 
The difficulty of growing plants in a sterile 
system and the fact that barren soils are 
usually sterile suggests a fundamental rela- 
tion between soil microbes and plant growth. 

The very close relationship between micro- 
biological action in soils and the crop produc- 
ing power of the soil is emphasized when one 
attempts to define soil fertility. Some of the 
more important processes in which it is known 
that soil microbes take an active part are: 

1. Soil formation. 

2. Decomposition of organic matter and 

humus formation. 

8. Liberation of carbon, nitrogen, sulfur 
and phosphorus, and their transforma- 
tions. 

The formation of ammonia and nitrates. 

5. The fixation of nitrogen. 

6. Biological interactions, including the 
assimilation of nutrients, synthesis, ox- 
idation and reduction, and associative 
and symbiotic relationships. 


rs 


There are many factors involved in the 
formation of the soil body, but none is more 
important than the action of microorganisms. 
The acids produced by the microbes react 
with the rocks and primary minerals, chang- 
ing them into the secondary minerals, the 
chemically active portion of mineral Soils. 
They breathe the breath of life into this inert, 
dead body and make it alive, dynamic and 
subject to growth. Any study of this body 
necessarily requires a comprehensive knowl- 
edge of the microbes which inhabit it and so 
completely dominate its bio-chemical proper- 
ties. 

The decomposition of organic matter is 
probably the most important function of soil 
microorganisms. Life on earth would soon 
be impossible because of the accumulated 
plant and animal remains if the microbes were 
not continually acting upon them, reducing 
them to their elemental composition and to 
simple compounds available for use again. 
Carbon, nitrogen, sulfur and phosphorus, im- 
portant elements in the growth of plants and 
to the life of animals and man, occur to a 
limited extent in the soil. The constant cir- 
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culation of these elements in Nature is brought 
about chiefly by the soil microbes. Large 
quantities of carbon dioxide are evolved as 
a result of organic matter decomposition. 
This is the source of carbon for all green 
plants. Also carbon dioxide dissolved in the 
soil solution acts on the insoluble minerals, 
making them available for plant use. Decom- 
position of organic matter releases the min- 
eral constituents in an available form and 
thereby completes the cycle by placing these 
elements in circulation again. The decom- 
position of proteins and other nitrogenous 
substances results in the liberation of am- 
monia which may be used directly by higher 
plants or oxidized to nitrites and nitrates by 
further microbial action. The liberation of 
sulfur and the action of the sulfur bacteria 
are equally as important as the transforma- 
tions of nitrogen because sulfur exists in the 
soil chiefly in organic matter. 

The air consists of about 80 percent by 
volume of free nitrogen. It has been estimated 
that there are about 150,000 tons of this un- 
combined nitrogen over every acre of land, 
yet our crop plants are unable to make use 
of it because they can assimilate only com- 
bined forms. Nitrogen is not very active and 
it does not combine readily with other ele- 
ments, except under extreme conditions of 
temperature and pressure. However, some of 
the soil microbes effect this reaction readily, 
leaving combined nitrogen for the use of the 
higher plants. The importance of this process 
is surpassed in nature possibly only by that 
of photosynthesis. 

Ordinarily one thinks that maximum plant 
growth may be obtained when the soil is sup- 
plied with optimum moisture and adequate 
mineral nutrient elements, the temperature is 
favorable, and insects and diseases 
or under control. This, however, is not the 
ease. The soil may be supplied with all of 
these conditions and still be unproductive if 
the microbes are absent or conditions are not 
favorable for their growth. The point is made 
that the normal growth and development of 
the higher plants depend upon the soil micro- 
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organisms. Careful observation of the roots 
of higher plants reveals unmistakable evi- 
dence of the accuracy of this statement. Note- 
worthy examples of this very intimate inter- 
relationship between the roots of higher plants 
and the soil microbes are found in the sym- 
biotic relationship of the leguminosae and the 
root nodule bacteria, and the similar but less 
well understood mycorrhiza formations of soil 
fungi and forest trees. Compounds produced 
by the microorganisms are assimilated by the 
higher plants. In the case of the leguminous 
plants, fixed nitrogen is supplied by the bac- 
teria, but the essential nature of the inter- 
action is the case of mycorrhiza fungi is less 
well understood. It is claimed that yeast re- 
quires for proper growth minute quantities of 
substances which are collectively known as 
“bios,” the known constituents of which in- 
clude inositol, vitamin Bl, vitamin B6, pan- 
tothenie acid and biotin. Bacteria and molds 
synthesize biotin. It is thought that higher 
plants synthesize biotin. Do they, or do they 
obtain their supply from the soil microbes? 
There is no experimental evidence that they 
do not. If soil microorganisms were not so 
universally present on the roots of higher 
plants, the role of the microbes in plant 
growth would undoubtedly be better known. 
It has been reported that plant hormones 
(biotin) extracted from decayed animal and 
plant tissues stimulated flower and seed for- 
mation. Gramicidin, actinomycin and peni- 
cillin are the names of antibiotic substances 
produced by soil microorganisms. What are 
the effects of these and other similar sub- 
stances on the growth of the higher plants? 
The importance of penicillin for therapeutic 
use is well established but its effects on higher 
plants are unknown. The interrelationships 
between the soil microbes and higher plants 
is a field which remains wide open for investi- 
gation. When biological interactions are bet- 
ter known it is not improbable that new and 
improved soi] management practices will be 
developed which will put the billions of mi- 
crobes irthabiting the soil into more effective 
use for agriculture. 
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PRESENT STATUS OF DDT AS AN 
INSECTICIDE 


JOHN T. CREIGHTON 


University of Florida, Gainesville 


Introduction 

The use of chemicals in the control of in- 
jurious insects has made striking technical 
advances during recent years. The “hit or 
miss’ methods employed in testing insecti- 
cides, during the “horse and buggy days” of 
applied entomology, have been replaced by 
the strictly scientific planning of experiments 
and careful mathematical analysis of data. 
Such worthy trends have resulted in the dis- 
carding of some of the old standby remedies 
and their replacement by the more worthwhile 
modern developments. 

Entomologists have long sought the ideal 
insecticide. Such a material should have the 
fcllowing characteristics: 1. High toxic effect 
in proportion to cost and permissible strength, 
2. Ease of miscibility, 3. Good adhesive, 
spreading, and wetting powers, 4. Easily pro- 
curable and transportable, 5. Keep well under 
varied conditions of weather and climate, 
7. Applicable at all times of year and under 
all conditions of weather, 8. Not liable tt 
spontaneous combustion, explosion, or chem- 
ical disintegration, 9. Toxic to a wide range 
of insects and comparatively harmless to man 
and domestic animals, 10. Compatible with 
other materials used in sprays and dusts, 11. 
Equally effective as a contact and stomach 
poison, and 12. Should have residual qualities. 

It is doubtful if an insecticide will ever be 
developed that possesses all of these charac- 
teristics. However, DDT approaches nearer to 
the ideal than any poison that has appeared on 
the insecticide scene thus far. 

Historical 

The famous chemical compound which bears 
the scientific name of “dichloro-diphenyl-trich- 
loro-ethane” and is commonly known by the 
abbreviated name of “DDT” was first prepared 
by a German chemistry student, O. Z. Zeidler 
at Strasbourg, as a routine synthesis, in 1874. 


This compound remained insecticidally un- 
known until the year 1939-1940 when Paul 
Muller of Switzerland, during routine test- 
ing, revealed the effectiveness of compositions 
of this compound in the control of insects. 
Additional early research was performed by 
The Swiss Federal Experiment Station. 

The initial patent covering the use of this 
compound was filed in Switzerland in 1940. 
Br'tish patents were granted in 1942 and 
United States patents in 1943. 

The Geigy Company of New York imported 
some of the Swiss compositions and in 1942 
samples of these insecticides (Ge arol Spray 
Insecticide and Geserol Dust) were given to 
the United States Bureau of Entomology and 
Plant Quarantine for testing at the Orlando 
(Florida) laboratory. [Knipling (1).] Thus 
began the most extensive insecticidal research 
program that has ever occured in the world. 
It is now being tested by nearly every capable 
economic entmologist in the United States, and 
many American entomologists in the Armed 
Services. 

Characteristics 

The original DDT prepared by Zeidler was 
made by allowing Anhydrous Chloral and 
Chlorobenzene to react in the presence of con- 
certrated Sulfuric Acid. 

There are two grades of commercial DDT 
available. These are “Technical DDT” with 
a setting point no lower than 88° C. and 
“Purified DDT” with a melting point of 
108-109° C. “Technical DDT” is used in 
roest agricultural work, while ‘Purified 
LDT” is used in Aerosols. 

In the commercial production of DDT the 
chlorobenzene and chloral hydrate, sulfuric 
acid process is usually employed. The result- 
ing “Technical DDT” consists of a mixture of 
DDT isomers, and certain materials which are 
termed impurities. The major DDT isomers 
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are the para-para-prime isomer which com- 
prises 65-73% of the product, and the ortho- 
para-prime isomer which exists in amounts of 
18-21%. The latter has insect toxic value, 
but it is not as effective as the former. The 
remainder of the product consists of an un- 
important isomer, oily by-product, and im- 
purities. 

“Technical DDT” varies in color from off 
white to dark grey. It has a fruit-like oder. 
Upon purification the resulting ‘“Purifiied 
DDT” is a white, waxy, crystalline powder, 
almost odorless. Thus far a satisfactorily 
practical method for separating the DDT iso- 
mers has not been developed. 

DDT is not as stable as was first indicated. 
It breaks down at high temperatures, and loses 
its residual effects comparatively quickly un- 
der conditions of high summer temperatures. 
The residual quality of DDT is greater in 
buildings than on plants or animals. DDT 
compositions should be stored in cool places. 
[Gunther (2).] 

DDT is insoluble in water but soluble in 
most organic solvents. It is rather soluble in 
petroleum and vegetable oils. The solubility 
range of DDT in the most useful solvents 
follows: 


Solubility 
(Grams DDT 
per 100 ml. 
Solvent solvent) 
COED cn iccccccencesncanen 100-120 
SN sicmrccnarn dian emaharan eae 91-100 
| ane 84-91 
I i ag a ele epee eras 77-83 
o-Dichlorobenzene __-.------------ 63-71 
Tetrahydronaphthalene --_.-------- 63-71 
NIE apg sactcal ah ehh iva ci ic shad keen dad 56-62 
POG snccececacweecweneuceess 50-55 
Carbon tetrachloride .........-...-. 46-48 
I NINO opconanitnicias eximentnpuncbarmeccres 9 
rn ee Ee 8 
BE NE, iota er ecdmacemaewal 6 
Deodorized kerosene -..-----.----- 5 


Compositions 
Pure DDT is not highly effective as an in- 
secticide. However, the proper composition 
of this chemical with other materials intensi- 
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fies its insecticidal efficiency for the control 
of certain species. Thus far a definite specifi- 
city of action has been revealed. In this con- 
nection it is interesting to note that some of 
the insects previously considered easily con- 
trolled by standard insecticides are not sus- 
ceptible to the compositions of DDT thus far 
employed (cotton leafworm), while some spe- 
cies that have resisted man’s chemical control 
efforts for many years are quite susceptible 
(pink bollworm). 

It is quite likely that as research continues 
newly developed and more effective compo- 
sitions will greatly broaden the usefulness of 
DDT as an insecticide. It is also true that 
results are being reported so rapidly that. 
defective or inconclusive experimentation may 
be the cause of some negative results. 

Compositions of DDT may be water suspen- 
sions, solutions, emulsions, dusts, or aerosols. 
Water Suspensions.—Water suspensions may 
be of three types: namely, a mixture of finely 
ground DDT with water; solution of DDT ina 
water-miscible organic solvent diluted with 
water; and DDT impregnated or coated dilu- 
ents mixed with water. 

In preparing a finely ground DDT for mix- 
ing with water it is necessary to use a dilu- 
ent such as calcite, talc, or pyrophyllite, as 
DDT becomes soft below 88° C. The DDT is 
usually mixed with the diluent at 1-10 per- 
cent levels. They may be ground in a ham- 
mer mill. Such mixtures may be satisfactorily 
wetted with water and used as sprays, or 
wetting agents may be added to facilitate dis- 
tribution. Such sprays usually require agi- 
tation. 

Solutions of DDT in water-miscible solvents 
such as acetone, or ethyl, methyl, or isopropyl 
alcohols will result in a very flocculent preci- 
pitate when such solutions are mixed with 
water. The precipitate is finely divided and 
may easily be kept suspended. 
Solutions.—Solutions of DDT in organic sol- 
vents such as petroleum oil, xylene, or ace- 
tone have been used for residual spraying and 
cloth impregnation. Solid solutions have been 
prepared by Bureau of Entomology and Plant 
Quarantine workers. These have been suc- 
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cessfully used as a control for anopheline 
mosquito larvae. [Jones et al. (5).] 
Emulsions.—Emulsions may be made of DDT 
which is previously dissolved in numerous sol- 
vents which are slightly soluble or practically 
insoluble in water. Consideration must be 
given the kinds and quantities of the emulsi- 
fiers used as it will influence the contact 
toxicity of the lethal agent. 

The two main types of emulsions are those 

with DDT dissolved in a volatile solvent 
(xylene), and those in which DDT is in a 
nonvolatile solvent (petroleum oil). The first 
type distributes DDT crystals on the sprayed 
surface upon evaporation of the xylene, while 
in the latter type the surface is coated with 
a DDT solution on evaporation of the water 
carrier. 
Dusts.—It is very difficult to grind pure DDT 
due to the low melting point. However, it 
may be successfully ground when mixed with 
inert diluents such as pyrophyllite, talc, or 
welnut-shell flour. Such grinding may be done 
commercially or in a laboratory hammer mill. 
When the concentration of DDT is high, care 
must be taken to prevent overheating of the 
mill. 

Commercial mixtures prepared for grinding 
do not usually contain over 30% of DDT. 
Though dusts of 10% DDT are used, the 1 
to 3% dusts seem quite effective for many 
agricultural pests. Particle size may range 
down to 3-4 microns which is quite suitable. 
[Chisholm (6) and Jones et al. (5).] 
Aerosols.—In 1942 Goodhue and Sullivan (7) 
described the preparation of insecticidal aero- 
sols which use liquified gases as dispersing 
agents for insecticides. The propellent em- 
ployed was liquid dichloro-difluoro-methane, 
whose trade name is Freon 12. 

Smith and Goodhue (8) have now tested 
the application of DDT by the aerosol bomb 
and have found it successful. The method 
of preparation is to dissolve commercial DDT 
in an equal weight of cyclohexanone. This 
solution is filtered and introduced into the 
container, which is then filled with Freon 12. 
Under atmospheric conditions Freon 12 will 
rapidly volatilize, distributing the DDT. 


Compatibility 

The determination of the degree of com- 
patibility between DDT and other spray ma- 
terials is still elementary and in a state of 
flux. It is quite evident that it should not 
be combined with hydrated lime in dust mix- 
tures, as the lime reduces the toxicity of DDT. 
In liquid sprays the addition of lime does 
not have a great effect upon toxicity, but its 
use is not usually advised. Some colloidol 
clays are reported to have similar effects. 

DDT can be mixed with dusting sulphur, 
wettable sulfur, pyrophyllite, tale, or walnut- 
shell flour. Some workers record a reduced 
DDT period of effectiveness when used with 
bordeaux mixture, lime-sulfur, and sulfur, 
This may be due to a physical masking of 
the DDT or to its decomposition to insecti- 
cidally inert compounds. (Chisholm (6).) 

Chemical Determination 


Specific methods for chemical determina- 
tion of DDT have been described. Hall has 
described a modification of the Winter method 
for the determination of halogen in organic 
compounds. The sample is volatilized and 
then burned in a jet of illuminating gas. The 
combustion products containing chlorine are 
absorbed in an alkaline solution of sodium 
arsenite. The solution is titrated for the chlor- 
ide ion, using standard silver nitrate and 
ammonium thiocyanate solutions. [Hall (9).] 

Hoskins (10) described the method he em- 
ployed as follows: “‘A quantitative analysis 
for DDT may be based upon a certain fact, 
namely that when the compound is warmed 
with alcoholic alkali, one molecule of hydro- 
gen chloride is split out. This liberated chlor- 
ide may then be determined by any quantita- 
tive method such as titration with standard 
silver nitrate solution, chromate being used 
as indicator. To exclude inorganic chloride, 
the sample suspected of containing DDT is 
extracted with benzene, in which DDT is 
readily soluble but inorganic chloride is not.’ 

Physiological Effect Upon Insects 

DDT acts both as a contact and stomach 
poison. This double action makes it a suitable 
poison for insects with piercing and sucking, 
as well as those with chewing, mouth parts. 
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In serving as a contact poison it may enter 
the body through any non-sclerotized tissue or 
through perceptor organs. In the case of the 
common housefly Musca i.) it 
reaches great heights of effectiveness as a 
contact poison and as a residual spray. It is 
evident that this exceptional lethal value is 
due primarily to the perceptor organs on the 
pulvilli (pads) of the tarsomeres (segments) 
of the fly’s legs. It is only necessary for the 
fly to rest momentarily upon a surface coat- 
ing of DDT to receive a lethal dose. 

The physiological action of this poison, 
after entrance into the insect body, seems 
to be primarily as a nerve poison. It causes 
definite nervous spasms that are reflected in 
the peculiar jerking of the muscles of the 
body which control segment activity as well 
as the appendages. The typical jerking re- 
sponse to the poison is frequently termed the 
“DDT jitters.” 


The lethal action of DDT is relatively slow 
as compared with some of our other contact 
sprays. This reduces its knock-down value but 
not the percentage of kill. Some insects live 
12 to 72 hours after contact with lethal quan- 
tities of the poison. 


domestica 


Physiological Effect Upon Vertebrate Animals 
DDT in sufficient quantities is poisonous 
to vertebrate animals, including man. This 
will not preclude its effective use in the 
control of insects. It will merely necessitate 
the employment of protective measures to 
prevent the intake of lethal quantities. 

It is too early in the study of DDT to pre- 
sent an overall picture of its lethal effect 
upon man and other vertebrates. The United 
States Public Health Service and other agen- 
cies are making detailed studies relative to its 
effects. Nelson et al. (11) have made reports 
relative to their experiments on rabbits, rats, 
guinea pigs, mice, chickens, dogs, cows, sheep, 
and horses. 

It thas been indicated that DDT dusts con- 
taining not more than 10% DDT, and aerosols 
with not more than 5% DDT, should not 


present a serious health problem. The powder 
does not seem irritating when applied to the 
of man. It 


skin is not readily absorbed 
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through the skin when applied in the dry 
form but can be when dissolved in organic 
solvents and oils. 

If taken internally it may cause loss of 
appetite and nervous spasms. In sufficient 
oral doses convulsions and death of test ani- 
mals occured. Though DDT is not a cumula- 
tive poison, the effects of the poison upon 
tissues may possibly be accumulative. 

The Federal Insecticide Act does not re- 
quire poison labels for DDT compositions. 
However the hazards involved in the use of 
DDT make it mandatory that products con- 
taining it be so labeled as not to indicate that 
it is entirely safe. A caution statement should 
appear on each label to avoid personal injury. 

DDT should be handled as any other dan- 
gerous compound. All mixing operations 
should be isolated. Greater concentrations 
of dusts, liquids, or aerosols than necessary 
should never be used. 

The operator who applies DDT should use 
every reasonable precaution including masks, 
respirators, and gloves. The poison should 
never be stored near or with foods. 

Physiological Effect Upon Plants 

Numerous tests relative to the physiologi- 
eal effects of DDT upon plants are being 
made. Some reports of plant injury have been 
recorded by Roark et al. (12). This research 
work is in a very elementary stage at present 
and it will be necessary to test the many for- 
mulations which are being developed upon a 
wide range of plants under numerous climatic 
and weather conditions before this complex 
problem can be solved. 

Insecticidal Efficiency 

In the history of insect control there has 
never been a compound developed which has 
demonstrated such excellent insect control 
qualities as DDT. Its immediate value as a 
stomach or contact poison is tremendous 
and its residual qualities may extend the 
uses of this compound. Such a compound 
will naturally have a terrific impact upon all 
types of pest control, but its use will be 
limited by its toxicologica! effects upon man, 
domestic animals, plants, wildlife, and bene- 
ficial insects. 
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POSSIBLE USES OF DDT 
Pests of Gardens and Truck Crops 

DDT is destined to play an important part 
in Florida crop production because of its use 
in the control of certain pests of garden and 
truck crops. Though most investigations are 
still preliminary in character and in some 
specific instances there is definite disagree- 
ment concerning the control of certain spe- 
cies, enough laboratory and field data have 
been accumulated and reported to indicate 
that this compound in various compositions 
will definitely enter the control complex for 
pests of many plants. 

Indications are that such noteworthy pests 
as the following submit to DDT: the cabbage 
looper, the diamondback moth, the imported 
cabbage worm, the cabbage webworm, the 
tomato fruit worm, the potato leafhopper, 
the pepper weevil, the potato flea beetle, the 
potato psyllid, the striped cucumber beetle, 
the spotted cucumber beetle, the pickleworm, 
the Colorado potato beetle, the bean leaf-rol- 
ler, the cross-striped cabbage worm, the gar- 
den flea hopper, the melonworm, the pea 
aphid, the potato aphid, the green peach 
aphid, the onion thrips, and the garden web- 
worm. [Swingle and Mayer (12), Campbell 
(14), Hill (15), White (16), Gyriska et al. 
(17), Goodhue et al. (18).) 

Dust compositions consisting of DDT at 1 
to 10% levels with such diluents as pyrophyl- 
lite or tale were used in testing the control 
of the aforementioned species, as well as 
sprays consisting of DDT suspensions or 
emulsions, and aerosols. 

In some instances such as the Mexican 
bean beetle, the squash bug, the harlequin 
bug, etc., the results are not satisfactorily 
effective for the DDT compositions employed 
thus far in most field research investigations. 
[White (16).] In other cases some aphids 
and red spiders increased following DDT 
applications. 

Pests of Citrus 


The reports of DDT research on pests of 
citrus have been very limited thus far. Pre- 
liminary investigations indicate that certain 
compositions are lethal to some species and 


possess residual qualities. The emulsive pe- 
troleum oil solutions of DDT seem to be more 
effective as contact and residual sprays than 
other types of compositions. 

In the case of certain Coccidae, the scale 
crawlers seem to be inhibited from settling 
for periods of time ranging up to 55 days. 
The adult female scales may also succumb 
to the poison. [Lindgren and Boyce (19.] 
Weather conditions greatly influence such 
residual effects. 

Thus far it does not seem that DDT com- 
positions are any more effective than oil 
emulsions in the control of the citrus white- 
fly. The author conducted field tests on this 
species with a DDT emulsion. A 20% stock 
emulsion was used at rates of one quart and 
one-half gallon per 100 gallons of water. The 
killing and protective powers of such sprays 
were low. Greater concentrations might prove 
effective. On sprayed citrus trees there 
seemed to be a contact and residual effect 
upon the adult whitefly. 

Swingle and Mayer (13) have reported 
that a 3% DDT dust is quite toxic to the 
spirea aphid. 

Miller (20) has reported that preliminary 
tests with DDT compositions failed to pro- 
duce a satisfactory reduction in citrus rust 
mite, while Osburn (21) reports that it ef- 
fectively controls the little fire ant, in the 
East Coast citrus area of Florida. 

Investigations on some crops such as cot- 
ton have revealed that aphids and red spiders 
are increased due to DDT applications. This 
may eventually prove true with regard to 
some species on citrus. 

The residual quality of a spray is rather ad- 
vantageous in the control of specific species. 
However, the fact that DDT is definitely 
toxic to some of the entomophagous species 
may constitute a tremendous limiting factor 
to its use in certain cases. In Florida citrus 
production we are aided by the numerous 
beneficial insect species. Any toxic spray that 
would seriously interfere with the biotic com- 
plex might constitute a danger to citrus pro- 
duction. In preliminary tests the author found 
that the twice-stabbed lady beetle is suscep- 
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tible to DDT as a contact spray and as a 
residue. 
Pests of Other Fruit Crops 

Many of the most potent insect enemies of 
fruit crops are falling victims of the con- 
tinued advance of DDT as an agricultural in- 
secticide. Some examples should prove inter- 
esting. 

The Japanese beetle continues to spread in 
the United States and has been found several 
times in Florida. It is a primary pest of 
fruit crops, vegetables, ornamentals, and 
forest trees. DDT is proving to be one of 
the most potent insecticides ever used against 
this species. Tests indicate that 0.25 pound 
per 100 gallons of water is as effective as 6 
pounds of lead arsenate. Such a dilute spray 
will also thave a definite residual effect for 
10 days. An increase in the concentration of 
the field spray increases the toxicity value 
and extends its protective period as a resid- 
ual. [Fleming and Chisholm (22.] Laboratory 
investigation of DDT as a control for Jap- 
anese beetle larvae in soil indicate that it 
will doubtless tend to replace lead arsenate 
for this purpose. Fleming and Maines (23) 
state, “pound for pound, or molecule for 
molecule, DDT appears to be 100 times as 
toxic to the larvae in the soil as is lead ar- 
senate.”” DDT may also be effectively used 
as either a liquid or a solid medium as a kill- 
ing agent in automatic Japanese beetle traps. 
[Langford et al. (24).] 

The codling moth is another leading Ameri- 
can fruit pest which succumbs to DDT. Pre- 
liminary laboratory and field tests indicate 
that certain compositions may be much more 
effective than the standard lead arsenate 
spray. A mixture of the two seems to intensi- 
fy the action of both lethal agents. [Steiner, 
Summerland, and Arnold (25).] 

DDT dusts and sprays are effective in the 
control of the oriental fruit moth. Another 
primary pest of peaches in the South is the 
plum curculio. Thus far this species has not 
responded very well to the compositions of 
DDT which have been tested. 

Pests of Cereal and Forage Crops 

Several species of grasshoppers have shown 


susceptibility to DDT-pyrophyllite dusts, DDT 
sprays, and baits. The DDT dust is applied 
at the rate of 13-20 pounds per acre and is 
especially effective where the vegetation is 
dense. The spray suspensions of DDT-pyro- 
phyllite pius a sticker have a better residual 
effect than the dust. [Packard (26), Parker 
(27).] 

Barriers consisting of 5% DDT-pyrophyl- 
lite dust serve as protection against immature 
stages of the chinch bug. Such dusts also act 
as contact poisons when applied directly to 
the species. [Packard (20).] However, some 
workers claim that it is slower and not as 
effective as dinitro-o-cresol. [Decker (28).] 
The author has found 3% DDT dust effective 
as a contact poison against the grass chinch 
bug. 

A dust containing 3% or less of DDT in 
pyrophyllite constitutes an effective control 
for the velvetbean caterpillar. Residual 
sprays are also effective. [Packard (26).] 

The European corn borer may be effectively 
controlled on sweet corn by 3-6% DDT in 
pyrophyllite dust at 1.2 to 3 pounds of DDT 
per acre. [Packard (26).] 

Russell (29) reported the successful con- 
trol of the corn earworm by use of DDT-tale 
dust. Other workers have reported successful 
control of this species with dusts and with 
oil-DDT injections or atomization. 

Tests have revealed that DDT is an effec- 
tive contact as well as stomach poison when 
applied in the control of the white fringed 
beetle. DDT dust is far superior to sodium 
fluoaluminate as a stomach poison, while 2 oz. 
per 100 gallons of water is just as effective 
as 8 pounds of synthetic cryolite per 100 
gallons of water. [Young (30).] 


Pests of Stored Seed, Grain, and Milled 
Cereal Products 

DDT is toxic to the most important insects 
attacking stored seed, grain and milled pro- 
ducts, and will be usable under certain con- 
ditions in the control of such pests as the rice 
weevil, the confused flour beetle, the red flour 
beetle, the lesser grain borer, the saw-toothed 
grain beetle, larvae of the Indian meal moth, 
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the adult granary weevil, and larvae of the 
cadelle. 

Cotton et al. (31) report that the afore- 
mentioned insects were killed when infested 
wheat was treated with DDT and DDT-pyro- 
phyllite dust. They also report favorable 
protection of packaged and bulk seeds. Bags 
treated with DDT gave protection, while DDT 
oil spray was useful in cleaning up the cadelle 
when it had bored into woodwork of farm 
granaries, railway box cars, and warehouses. 

Pests of Sugarcane 


DDT-pyrophyllite dust at a 10% level is 
less effective in the control of the sugarcane 
borer than synthetic cryolite or fluosilicates. 
DDT sprays also failed to give satisfactory 
control. The yellow sugarcane aphid greatly 
increases following DDT applications. [In- 
gram et al. (32).] 

Pests of Cotton 

Research pertaining to the use of DDT in 
the control of pests of cotton has revealed 
several things of interest. 

In the specific compositions that have been 
thus far employed DDT has failed to show 
any practical promise in the control of the 
boll weevil or the cotton leafworm. The boll 
weevil has been rather successfully controlled 
for a period of years by the use of calcium 
arsenate while the cotton leafworm is easily 
controlled with this poison. The fact that 
neither have been successfully controlled with 
DDT is interesting and significant. 

The cotton aphid is increased by applica- 
tions of DDT. The increases approximate 
those following calcium arsenate applications 
in the control of boll weevil. The common 
red spider is also increased by DDT appli- 
cations. 

Pink bollworm is the most dangerous enemy 
to cotton production in the world. It has pre- 
sented tremendous control problems for many 
years. A satisfactory chemical control has 
not previously been developed. The fact that 
DDT is proving to be effective in the control 
of this pest is a fact of great significance to 
Southern agriculture, in view of the fact that 
it is established in sections of the southwest 
and has spread into several parishes in Louisi- 
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ana. It has occured in wild cotton in South 
Florida and isolated loci have occured in other 
sections of the state, but have been elimi- 
nated. 

DDT is also effective in the control of such 
pests as the bollworm, the cotton flea hopper, 
the onion thrips, and the tobacco thrips. 
[Loftin (33).] 

Pests of Forest Trees 

In discussing the potentialities of DDT in 
the control of forest insects, Craighead and 
Brown (34) stated, “Experiments indicate 
that no development in the last 25 years has 
offered so much promise for the control of 
many forest insects, particularly defoliators. 
DDT is far more effective in low concentra- 
tions than any other commercial insecticide. 
Because of the small amount required per 
acre, it is especially well suited to applica- 
tion from airplanes, and indications are that 
it may make possible the protection of exten- 
sive areas of valuable timberland. The re- 
markable residual qualities of the DDT de- 
posit make it particularly well adapted for the 
control of certain species.”” These authors 
found that solutions and emulsions were much 
more effective than suspensions or dusts. 

Indications are that aerial applications of 
DDT solutions and emulsions at the rate cf 
2- lbs. of DDT per acre will effectively kill 
the gypsy moth, the green-striped maple worm, 
the red-headed sawfly, and the spruce bud- 
worm. 

DDT may also prove of value in the pro- 
tection of valuable logs from attack by wood 
borers and termites, and for protecting living 
treés from bark beetles. It effectively con- 
trols leafhoppers and treehoppers. Other for- 
est insects that submit to the toxic effects of 
DDT are the eastern tent caterpillar, the fall 
cankerworm, the fall webworm, and the box- 
wood leaf miner. [Dowden and Torones 
(35).] 

Pests Affecting Health and Comfort of Man 
and Domestic Ainmals 

Any discussion of the “Present Status of 
DDT as an Insecticide” that did not briefly 
discuss the striking results that have been 
obtained in the control of insect pests and 
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disease vectors affecting man and domestic 
animals would be defective. This is true 
because it was actually in this field that the 
tremendous powers of insect control possessed 
by DDT were first demonstrated, and the re- 
search has been intense due to the import- 
ance of such insects on the war and home 
fronts during the world conflict which has just 
terminated. The results obtained in these 
studies constitute some of the most striking 
research findings of modern times, and have 
resulted in a great saving of human life. 

DDT may be used in effectively controlling 
the adults of the malaria mosquito, and the 
common housefly, which are important vec- 
tors of malaria fever and typhoid fever re- 
spectively. For residual spraying DDT is 
dissolved in a kerosene base such as Ultrasene 
or Deo base oils and applied to fly-frequented 
surfaces at the rate of 100-400 mg. per square 
foot. A 3-5% DDT solution may be used. 
Water emulsions may also be employed for 
this type of residual spraying. The author has 
obtained excellent protection from the com- 
mon housefly for a period of one year by 
applying DDT-oil spray in a cafeteria area at 
the rate of 200 mg. per square foot. [Wise- 
mann (36), Lindquist et al. (37, 38).] 

The larval stages of the common housefly 
and the malaria mosquito are effectively con- 
trolled by DDT. The immediate widespread 
use of DDT as a mosquito larvacide under 
domestic conditions might be inadvisable 
because of the paucity of information rela- 
tive to the effect of this compound upon bene- 
ficial insects, wild life, and fish. 

The body louse and the pubic louse are 
effectively controlled and protection main- 
tained for a period of 30-40 days by 10% 
DDT-pyrophyllite dust. Such dusts have been 
effectively used in preventing epidemics of 
typhus fever through louse campaigns in the 
North African and European theaters of war. 
[Bushland et al. (39, 40).] 

Cotton and woolen clothes may be effec- 
tively louse proofed by use of solutions and 
emulsions of DDT. [Jones et al. (41).] 

Fleas, the vectors of such important di- 
seases as bubonic plague and endemic typhus, 


succumb to the effects of dust or spray com- 
positions of DDT. The author has successfully 
protected treated dogs from attacks by cat 
fleas, for periods ranging from 3-6 weeks. 
Shampoo applications of a 2% DDT-oil com- 
position that is miscible in water were used. 
The larval stages of fleas are also destroyed 
by dusts or sprays. 

Bedbugs are one of the most common 
household pests in the world. Fortunately 
there is no human disease that is known to be 
transmitted by these blood sucking pests. 
Compositions of DDT may be effectively used 
as residual sprays for the common bedbug, 
and the tropical bedbug. Both of these spe- 
cies occur in Florida. In practical tests 5% 
DDT in non-staining kerosene base oils has 
provided protection for 5-11 months when 
applied as a wet spray at 100 mg. DDT per 
square foot. [Madden et al. (42).] 

Roaches are also tremendous pests in Flor- 
ida and because of their very unclean habits 
they constitute a menace to health. The 
author has conducted numerous tests with 
ID'DT in the control of the German cockroach 
and the American cockroach. Both 3 and 10% 
DDT-pyrophyllite dust and a 2 % DDT in 
Ultrasene base oil were employed. These tests 
revealed that any of these three materials 
is quite effective as contact control. The DDT 
oil sprays seem comparatively ineffective as 
residuals, while proper quantities of the 10% 
DDT dust offer some possibilities as a resid- 
ual, but the practical tests did not reveal 
any great advantage over sodium fluoride. 

DDT dusts and sprays may be employed as 
contact poisons for several species of ants 
and as barriers to prevent entry into homes. 

In the field of pests affecting cattle and 
other domestic animals DDT has definite uses. 
The author has conducted numerous tests on 
the control of the horn fly, the dogfly or 
stablefly, and the cattle lice. Water emulsions 
or suspensions of DDT as low as 0.15 to 1.5% 
will relieve cows from attack by hornflies 
immediately after application and residually 
protect them for 2 to 4 weeks, or nossibly 
longer. Applications of 0.5 to 2% will kill 
eattle liee. A second application after ten 
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days may be advisable. Concentrations of the 
spray have to be greater to give suitable pro- 
tection from the stable fly. 

Thus far the true screw worm and caitle 
grubs do not seem susceptible to the formu- 
lations that have been tested by several re- 
search workers. 


Looking Forward 

The tremendous potentialities of DDT as 
an insecticide encourage trained entomolo- 
gists to attempt to visualize its use in future 
years. Probably it is fortunate that this 
poison was not available for widespread do- 
mestic use during the few years since its 
insect toxic value was determined. This is 
true because of certain limitations upon its 
use in the control of pest insects, disease 
vectors, and agricultural pests. It has now 
been released for domestic use. This forced 
delay in the general use has permitted a more 
careful appraisal of the poison from the 
standpoint of its value as an insect toxicant 
and its toxicological effect upon man and 
other animals. However, there is great need 
for continued study. It should only be used 
in accordance with recommendations made by 
recognized entomologists as it is potentially 
dangerous to man and domestic animals. The 
research data reported thus far thave been 
based upon laboratory and small field tests. 
Thus it is illogical for cntomologists to make 
recommendations for the widespread field 
uses of this compound. The season of 1945 
has presented the opportunity for extended 
field tests, and the results of these tests will 
serve as a partial guide for specific recom- 
mendations. The next five-year period will 
constitute the most crucial period in the his- 
tory of DDT. It will either make or break 
itself as an agricultural insecticide during that 
period. The judicious and not foolish use of 
the compound will give it the proper oppor- 
tunity to establish its place in the insect 
control complex. The statements made in this 
paper relative to the toxic range of tnis 
poison should not necessarily be interpreted 
as recommendations for the field use of DDT 
compositions, except in the domestic animal 
and household pest control fields. 


In the household pest control field it will 
reach great heights in post-war years. The 
bedbug will definitely pass from the field as a 
nuisance in the home. The presence of the 
common housefly in the home or public places 
in future years will constitute a reflection 
upon those charged with the responsibility of 
maintaining clean human environments. The 
control of ants, roaches, silverfish, and clothes 
moths may be aided by use of this compound. 
Fleas can be eliminated from pets and the 
home. 

Many outstanding insect vectors of human 
and animal diseases may be partially or to- 
tally eliminated. Some consider the discovery 
of this compound as important to the field of 
preventive medicine as the discovery of an- 
aesthetics was to surgery. Widespread con- 
trol or eradication campaigns of such danger- 
ous pests as malarial mosquitoes will have to 
be undertaken gradually and only after a 
careful appraisal has been made of the effects 
of this poison upon beneficial insect preda- 
tors and parasites, fish, and wildlife. It is 
toxic to some parasitic and predacious insects, 
to honeybees and in certain concentrations 
to some fish. The abnormal destruction of 
beneficial insects might release many non- 
economic pests into the economic field, and 
thereby wreak ravoc with agricultural sta- 
bility. 

Certainly it is quite possible that it might 
be governmentally sound for the several 
states to legislate against the possible hap- 
hazard use of this and other compounds which 
may be subsequently developed. It would 
seem quite within the realm of governmental 
farsightedness to permit such state uses only 
after approval by specially appointed com- 
mittees consisting of professional entomolo- 
gists and conservation officials. 


In the agricultural insecticide field it will 
unquestionably have some outstanding uses 
in the control of major pests of fruit crops, 
vegetables, field and forage crops, and live- 
stock. However, it will not constitute a pana- 
cea for all of the pest problems of agricul- 
tural crops. Here again many factors must 
be considered, such as the effect upon benefi- 
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cial insects, including parasites, predators, 
pollinating species; dangerous residues on 


edible parts of plants; absorption by animals 
and elimination in consumable products of the 
body; soil residues; and the possibility of the 
development of DDT resistant biological races 
of economic species of insects. 

The discovery of the insect toxic quality 
of DDT has fired the imagination of ento- 
mologists, insecticidal chemists, physicians, 
and many other scientific people. The struc- 
tural formula of this compound gave no clue 
to scientists regarding its toxic value as an 
insecticide. This will stimulate the investiga- 
tion of countless thousands of other com- 
pounds. There will be developed additional 
compounds that have excellent toxic value on 
a wide range of insects, and good residual 
qualities. Already, under the stimulus of DDT 
results, some compounds, such as Hexachloro- 
cyclohexane (“666”), are entering research 
channels. 

It is quite evident that we are now entering 
a new insect control era. We are well 
equipped for this period in human affairs 
with thousands of entomologists who ask 
mainly for the opportunity to serve. If they 
are provided with the wherewithal to make 
the proper scientific appraisals of new chemi- 
cal developments mankind throughout the 
world will reap the benefits. 
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EFFECT OF DDT ON THE LITTLE 
FIRE ANT 


MAX R. OSBURN 


Bureau of Entomology and Plant Quarantine, 
U. S. Dept. of Agriculture, Ft. Pierce 


The little fire ant, Wasmannia auropunctata 
(Roger), is an inportant pest to citrus-grove 
workers in some sections along the east coast 
of Florida. The ant nests in the soil or under 
debris such as fallen branches and fallen 
leaves, and visits the citrus trees to obtain 
honeydew secreted by whiteflies, mealybugs, 
aphids, and other insects found on citrus. In 
some groves great numbers of these ants are 
present, and it is impossible for workers to 
pick fruit, prune, or spray without becoming 
covered with them and being stung many 
times. A single sting causes considerable 
irritation to most individuals. The character- 
istic symptoms are a welt surrounded by a 
red, spotchy area, and a severe burning and 
intense itching sensation which may prevail 
for 30 minutes or more. These symptoms dis- 
appear after a time, but the itching of the 
affected part may recur at intervals for sev- 
eral days. Citrus-grove workers, and espe- 
cially fruit-picking crews, have refused at 
times to work in trees infested with this ant. 
In other instances pickers have left the trees 


partially picked, or have demanded a premium 


wage. 

Results of experimental work conducted 
during the past few years on the control of 
this pest, in which poisoned baits and other 


insecticidal treatments were tested, have not 
been satisfactory. Sprays containing oil, 
pyrethrum, derris, or dinitro-o-cyclohexylphe- 
nol will destroy many ants, but heavy rein- 
festation occurs a week or two following 
treatment. DDT has been found to be much 
more toxic, and to provide more permanent 
control than any other material tested. Al- 
though many factors affecting the use of 
DDT for control of this ant remain to be 
studied, some of the early results are so out- 
standing that they warrant mention at this 
time. 

Two series of experiments are being car- 
ried on in St. Lucie County, Fla., in two grape- 
fruit groves which are heavily infested with 
the little fire ant. The first series consisted 
of two sprays and three banding treatments, 
and the second of five sprays and a dust treat- 
ment, all containing DDT. The sprays were 
prepared by dissolving % or 1 pound of DDT 
in 1 gallon of No. 2 fuel oil, adding 38 ml. of 
glyceryl oleate to make a stock emulsion, and 
then diluting with water to make 100 gallons. 
They were applied with a power sprayer, with 
care to cover thoroughly the tree trunks and 
heavy limbs. 

The banding materials consisted of 10, 5, 
and 1 percent of DDT in pyrophyllite mixed 
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with enough water to make a paste suitable 
for application with a paint brush. They were 
applied in bands 8 to 10 inches wide around 
the tree trunks below the lowest branches. 

The experimental design was that of ran- 
domized blocks; each block was replicated 5 
times and a single tree in each block received 
each treatment. Before treatments were ap- 
plied to the trees the outline of a square, 2 by 
2 inches, was stenciled with white paint on 
the four sides of each trunk near the ground. 
Comparison of treatments was made by re- 
cording the number of ants in these squares 
(20 per treatment) at intervals following ap- 
plication. The results are presented in table 
a 


Table 1. 


Effect of DDT on the little fire ant, when applied as 


bly lower on November 9 than on previous 
dates, but this was due to cooler weather, 
which ordinarily reduces activity. 

In the second series of experiments, five 
sprays and a dust, all containing DDT, were 
compared. Three of the sprays contained 
DDT dissolved in different oils, and two were 
water suspensions of a mixture of DDT and 
pyrophyllite. The dust was prepared by fur- 
ther diluting with pyrophyllite a 10% DDT- 
pyrophyllite mixture. The experimental set- 
up for spray treatments was the same as in 
the earlier experiment, and the dust was ap- 
plied to 5 trees in a row located near the 
sprayed blocks. For evaluating the treat- 
ments squares were outlined on the trees as 


sprays or bands to 


grapefruit trees. 
Date of treatment July 7, 1944. 








~ Number of Ants 




















Ps sss [July 21] Aug. 5| Aug.81| Oct.9 | Nov. 9 

Sprays, DDT-fuel oil emulsions | | | | | 
(quantity of DDT per 100 gal.) | | | 

_ apedepnst tah: ae 0 | 0 | 0 | 1 0 
RS VIN nape gee eee es ees 0 0 | 0 | 1 0 
Bands, water paste, of DDT in | | | | 
pyrophyllite (percent DDT): | | 

WP areas ca cha esra ning ace A ak tw an deta aS 81 4 | 14 | 18 | 1 

SEE Ee SN Peart Ce Rid SERN  R ey Perera nen ee TD 19 | e } 10 21 | 0 

es it ora ae a a aia ad oe een ees 38 sO 35 | 6 20 | 37 
Check (untreated) ~_-_-----_- ssainciniatacn bite | Sea | a92 | -Sae 150 | 74 
* Bands reapplied on August 8. 

The results of this series of experiments described earlier in this paper. The results 


show that one application of DDT-fuel oil 
emulsion applied at the rate of either 1 or % 
pound of DDT per 100 gallons thas been very 
effective in controlling the little fire ant for 
a period of 4 months, and at the end of this 
time (November 9) there was no indication 
that trees were becoming reinfested. It is 
therefore possible that the treatments will be 
effective for a considerably longer period. 
The banding treatments were less effective. 
The band containing 5 per cent of DDT was 
as effective at the 10 percent band, but the 
1 percent band was the least effective of any 
treatment, even though it was applied twice. 
Infestation on the check trees was considera- 


are given in table 2. 

The results of the second experiment show 
that the best treatment, 4 ounces of DDT in 
fuel oil, was still effective on the date of the 
latest count 2 months after application. Other 
sprays containing equivalent amounts of DDT 
in light-medium spray oil and as a suspension 
in water were not so effective. Two ounces 
of DDT in light-medium oil or as a suspen- 
sion was inferior to the 4-ounce dosage. The 
dust containing 1 percent of DDT was the 
least effective. 

Discussion. —-The absence of ants on sim- 
pled areas when records are taken is not 
necessarily indicative of their complete elim- 








158 


ination from treated trees. This is particu- 
larly true with banded trees. Although the 
absence of ants on the squares would indi- 
cate that few, if any, were crossing the bands, 
they could be seen on other parts of the trees. 
Many of them were present when the bands 


Table 2.—Effect of DDT on the litle fire ant, 
fruit 
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in one test, eliminated all ants in the trees 
at the time of application, and after several 
months the trees were still practically unin- 
fested. All treatments, with the exception of 
the dust containing 1 percent of DDT, reduced 
the ant populations considerably, but superior 


when applied as sprays or a dust to grape- 
trees. 


Date of treatment September 7, 1944 





Treatment 





Sprays, DDT in: 
pyrophyllite 


1% gal. emulsive spray oil 


% gal. No. 2 fuel 
oil and glyceryloleate * 


Dust, in pyrophyllite 
Check (untreated) 











| Concen- | Number of Ants 
| tration | 
| of DDT | Sept.21 | Oct. 11 | Oct. 24| Nov.6 _ 
Ounces 
per 100 | | 
| gal. | 
| 4 | 19 | 62 | 4 | 15 
| 2 | 116 | 114 36 | 338 
| 4 | 47 | 24 | 1 | 0 
2 17 134 5& 56 
4 0 0 0 0 
Percent 
1 174 | 97 125 | 126 
| | 298 | 276 | 282 | 180 





* 19 ml. glycerlyl oleate added for emulsification. 


were applied, and, to, avoid crossing them, 
they nested in limb crotches or in other places 
affording protection. Since it is impossible 
from a practical standpoint to prevent weeds 
and grasses from growing up through the 
trees, ants have undoubtedly gained access in 
this way without crawling up the trunks. 

In both experiments the DDT-fuel oil 
sprays, containing as low as 4 ounces of DDT 


results were obtained with sprays of DDT 
in fuel oil. 

No injury to the grapefruit trees which 
were sprayed, dusted, or banded has been 
noted. In both experiments it was observed 
that the sprays destroyed the predaceous 
ladybettle, Chilocorus stigma (Say). How- 
ever, the regular oil sprays for scale control 
also kill this insect. 
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SOME OBSERVATIONS ON CREASING 
IN FLORIDA ORANGES 


ERSTON V. MILLER 
Division of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Industry, Soils and Agricultural Engineering, 
U. S. Dept. of Agriculture, Orlando 


“Creasing” is a physiological disorder of 
oranges that occurs as the fruits approach 
maturity. This disorder is characterized by 
irregular grooves running in various direc- 


PER CENT 
90 


/0 


FRUITS SHOWING CREAS/NG 
Ss 


324 268 250 2/46 





Creasing is more prononunced in some seasons 
than in others and occurs more frequently in 
certain groves than in others. 

A Seedling orange grove in Seminole Cour 





LOO 76 /50 126 8696 


PACKING S/ZES OF FRUITS 


tions over the surface of the fruit, often pro- 
ducing irregular patterns. These grooves are 
caused by fissures or gaps in the inner, spongy 
portion of the rind (albedo) and the sinking 
of the overlying, oil-bearing layer (flavedo). 


ty, north-central Florida, has had the reputa- 
tion of producing “creased”’ fruits for a num- 
ber of years. The trees in this grove are 40 
or 50 years old. The soil is relatively high in 
organic matter and would be classed locally 
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as “high hammock.” 

During the season of 1943-1944, when the 
trees produced an average crop of fruit, creas- 
ing was of no commercial significance. In 
the season of 1944-45 the trees bore a larger 
crop of fruit, and creasing attained serious 
proportions. 

As the oranges in this grove were being 
picked for commercial shipment, a casual in- 
spection of the field boxes of fruit indicated 
that the greatest number of creased fruits 
were to be found on the trees producing the 
largest crops. Detailed observations and rec- 
ords were therefore made on between 40 and 
50 field crates of fruit selected at random. A 
count was made of the normal and creased 
fruits in each crate and both types of fruit 
were classified as to size. 

These records revealed a very marked in- 
crease in number of creased fruits with de- 
crease in size (fig. 1). For instance in the 
larger sizes (96, 126, and 150) the creasing 
was approximately 2.5% and was of no prac- 
tical significance. However, in size 176 the 
amount of creasing increased to 7.5%. For 
size 200 it was 15%; for 216, about 17%; 
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and for 250 it was over 23%. These last 
mentioned sizes are perhaps the most popular 
in the retail trade. Oranges in the 288-size 
group showed about 38% creasing and in the 
smallest size, 324’s, creased fruits amounted 
to practically 50% of the whole. 

It was thought that this disorder might pos- 
sibly be associated with some deficiency. Thus 
far the fruits in this grove have been analyzed 
for boron only, and no deficiency of this ele- 
ment has been found. 

Until additional information is obtained on 
this subject, no specific recommendations for 
control of creasing can be made. However, 
in the years of large crops of oranges it seems 
that it would be advisable as a precaution to 
fertilize adequately to provide all of the less 
common mineral elements, and to irrigate, if 
practicable, during drought periods. 
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EFFECT OF LEAD ARSENATE SPRAY ON THE 
SEASONAL CHANGES IN FLORIDA 
GRAPEFRUIT 


PAUL L. HARDING 
Division of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Industry, Soils and Agricultural Engineering, 
U. S. Dept. of Agriculture, Orlando 


Introduction 

The spraying of grapefruit trees with lead 
arsenate is a common practice in Florida, 
dating back to the time when the spray was 
used as a control for insect infestation. In 
those earlier times when lead arsenate was 
used for insect control, growers observed 
that the fruit from sprayed trees contained 
less acid and seemed sweeter than that from 
trees not sprayed with lead arsenate; subse- 
quently, the spray came to be used solely for 
the purpose of obtaining sweeter fruit. The 
quantity of arsenic applied for this latter 
purpose is so small that only barely detect- 
able residues, if any at all, are left on the 
rind of the fruit at time of harvest. The in- 
fluence of the arsenate spray in lowering the 
acidity of the fruit appears to be systemic 
in the tree and is exerted largely from de- 
posits on the leaves rather than on the fruit. 
The physiological basis for the effect is still 
obscure. 

Tre informetion reported here is on the 
effect of lead arsenate spray on the maturity, 
ripening, and palatability of grapefruit and 
has been assembled from data published in a 
more comprehensive bulletin by Harding and 
Fisher (2). 

Relation of the Arsenical Spray Law 
to Grapefruit 

Injudicious use of lead arsenate on various 
types of citrus trees in order to effect an 
eartier attainment of legal maturity of the 
fruit prompted the Florida State Legislature 
in 1927 to pass the Arsenical Spray Law 
(3, p. 169), which is briefly described as 
follows: 

AN ACT to Prohibit the Use of Arsenic 


or Any of Its Derivatives or Any Com- 
b'nation, Compound or Preparation Con- 
taining Arsenic, as a Fertilizer or Spray 
on Bearing Citrus Trees; to Prohibit the 
Sale or Transportation of Citrus Fruit 


Containing Any Arsenic; and to Provide 
for Enforcement Thereof. 


In 1929 the Mediterranean fruit fly made 
its appearance, and arsenic was the only ef- 
fect:ve poison known at that time for its 
control. Consequently, an amendment to the 
Arsenical Spray Law was approved June 29, 
1929, giving the Federal Government and the 
Florida State Plant Board the right to use 
arsenic for the purpose of eradicating the 
fruit fly. This amendment prevented the en- 
forcement of the law until January 1, 1931. 
Between 1929 and 1932 much investigational 
work was done by the Florida State Depart- 
ment of Agriculture (3) to ascertain the 
effects of arsenicals on citrus fruits. It was 
found that the flavor of grapefruit apparently 
was not lowered by this spray, whereas the 
injudicious use of it on other citrus fruits 
caused a very marked decrease in total acid 
and produced flat, insipid, poor quality in 
some fruit. Therefore, 2s a result of these find- 
ings, in 1933 grapefruit was exempted from 
the Arsenical Spray Law (1, p. 118) through 
an “. . . injunction granted by Circuit Judge 
H. C. Petteway ... and upheld by the Su- 
preme Court, restraining the Department of 
Agriculture from the enforcement of the 
Citrus Arsenical Spray Law in the Case of 
Grapefruit,” so that now this law is applied 
only to oranges and tangerines. 


On this account comprehensive investiga- 
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tions were made to obtain more complete 
information on the effects of spraying in July 
with lead arsenate (usually at the rate of 1 
pound to 100 gallons) on the composition and 
internal quality of Marsh and Duncan grape- 
fruit. In tables 1 to 8 the physical characters 
and chemical constituents of these varieties 
on rough lemon and sour orange rootstocks 
when unsprayed and when sprayed with lead 
arsenate are directly compared, and the dif- 
ferences resulting from the spray are shown. 
Material and Methods 

The present study covered four seasons, 
1939-40, 1940-41, 1941-42, and 1942-43. 
Analyses were made at four-week intervals on 
Marsh and Duncan varieties of grapefruit. 
Samples were taken at regular intervals from 
27 different plots of trees sprayed with lead 
arsenate and from 27 comparable unsprayed 
plots. The spray was applied in July, many 
weeks prior to commercial harvest, at the 
rate of one pound of lead arsenate to 100 
gallons of water. In order to include fruit in 
various stages of maturity and ripening, the 
analyses were started about the last week 
in August and continued until the middle of 
May of each season. 

Experimental plots in commercial groves 
were selected so as to include groves located 
in the Central Ridge districts, where the soils 
are usually low in organic matter, in the East 
Coast and West Coast districts, where the 
soils have a higher organic-matter content, 
and in the Homestead-Rockdale district, where 
the soils are very rocky. 

In each of these districts the plots were 
made up of Marsh and Duncan varieties on 
rough lemon and on sour orange rootstocks. 
The groves were in good physical condition 
and had been supplied with ample amounts of 
fertilizer. 

The samples were taken to the laboratory 
at Orlando immediately after they were 
picked and were placed at 32 degrees F. until 
tested. Each sample consisted of 60 or more 
grapefruits picked at random from the 15 to 
25 trees constituting each plot. 

The juice was extracted from 25 fruits in 


most cases by an electric reamer and then 
strained through cheesecloth in order to 
remove seeds and pulp. Aliquots of this 
composited juice were used in the determina- 
tion of the chemical constituents. The remain- 
ing fruits were used for taste tests as de- 
scribed in U.S.D.A. Tech. Bul. 886 (2). 

Official methods were followed in deter- 
mining the chemical constituents. 

The average values presented for weight 
of fruit, juice content, vitamin C, total solids, 
total acid, ratio of total solids to total acid, 
and palatability, were obtained by averaging 
the results obtained for the individual groves 
according to picking periods, and these find- 
ings are shown in tables 1 to 8. Detailed in- 
formation is presented in another publica- 
tion (2). 

Results 

Weight of fruit. The average weight of 
grapefruit was affected prior to harvest by one 
application of lead arsenate in the summer. 
The fruit of both the Marsh and the Duncan 
varieties from the sprayed plots weighed 
slightly less than that from the unsprayed 
plots (table 1). It is interesting to observe 
that, both in sprayed and unsprayed fruit, 
variety and rootstock were factors which in- 
fluence the average weight per fruit. Duncan 
fruit had a greater average weight than the 
Marsh, and both kinds weighed more when on 
rough lemon rootstock than when on sour 
orange. 

Volume of juice. The volume of juice in 
the fruit from sprayed Marsh and Duncan 
trees gradually increased with maturity and 
ripening just as it did in that from unsprayed 
trees. Lead arsenate spray did not signifi- 
cantly affect the volume when the data were 
computed on the basis of milliliters of juice 
per 100 gm. of fruit (table 2) or as percent- 
age of the fruit that was juice (table 3). A 
very slightly greater volume of juice resulted 
when the Marsh fruits were from trees grown 
on sour orange rootstock than when from 
trees on rough lemon. The results were not 
conclusive in the case of Duncan fruit. Marsh 
fruit from the sprayed trees contained a 
slightly but consistently greater volume of 
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Table 1.—Effect of lead mee spray on the average weight of grapefruit at different picking periods, 
1939-43. 






































(+ indicates that weight of sprayed fruit was greater than that of unsprayed; — _ that it was less) 

| Weight per fruit ne 

| Aug. | | | | | | | 

Variety, rootstock 25— | Sept. | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May 
and treatment | Sept. 2| 25-30 | | 23-28 | 20-25 | 18-23 | 15-20. | 12-17 | 11-16 7-13 | 6-11 
Marsh on rough lemon: Gm. | Gm. | Gm. | Gm. | Gm. Gm. | Gm. | Gm. Gm. Gm. 
Unsprayed | 238 328 | 364 399 | 461 488 | 535 550 572 579 
Sprayed | 242 | 321 | 358 | 402| 463| 481 | 522| 541| 666 | 686 
Difference | +4 | -—7| —t . _+3_ '” _ +2 L. <a | —13 | -9| —-6| ee 

Marsh on sour orange: eat Bee & { part. man | rt | 
Unsprayed | 210 | 286 | 336 393 461 | 488 521 556 521 561 
Sprayed 200 | 266| 316/| 378| 431 | 467| 495| 511 | 487| 654 
Difference | —10 | —20 | —20| —165 | —30| —21 | —26 L _—46 | —34 | —7 

Duncan on rough lemon: ee ere De ee | 
Unsprayed | 38238} 392 | 437 485 549 | 603 | 641 662 704 716 
Sprayed | 312| 389/ 430| 478| se4| 592| 615| 633| 677 _ 684_ 
Difference |} —11| -—3| -7|_-7| a | =u a _—26 J, 29 | _—21 | —32_ 

Duncan on sour orange: ble | rr tae | ie 

Unsprayed 253 | 337] 371) 422] 491] 537 | 563 | 589 | 604] 629 
Sprayed 249 | 325 | 373| 4298/| 482 | 527| 6557 | 583 | 584/| 605 
Difference | —4| —12| +4+2| +6] -—9|-10| -6| -—6| —20 | —24— 








Table 2.—Effect of lead arsenic spray on the average volume of juice in 100 grams of grapefruit at 
different picking periods, 1939-43. 

































































(+ indicates that sprayed fruit contained a greater volume of juice than unsprayed; — a smaller volume.) 
| Juice per 100 grams of fruit 
- | | | | | l 
Variety, rootstock oe | Sept. | Oct. | Nov. | Jan. | Feb. | Mar. | Apr. | May 
and treatment |Sept. 2| 25-30 | 23-28 | 20-25 18°33 | 15-20 | 12-17 } 11-16 | 7-13 | 6-11 
| | | | | 
Marsh on rough lemon: Ml. Ml. Ml. Ml. Ml. Ml. | Ml. | Ml. | Ml. | ML 
Geaanel | 388| 385| 45 | 45| 46, 47| 49| 5O0| 51) 61 
Sprayed | 33] 37| 44| 46 46| 47| 49] 48| 50] 61 
Difference | 0 | __+2 | _—1| _+1 : ae 0 | 0 | a) Fri 0 
Marsh on sour orange: -_ | | | | ‘eee | aia 
Unsprayed | 31 37 44) 46 47) 50) 51) 651 | 51 52 
Sprayed | 29| 36| 44| 47} 48] 50] 651/ 52/] 53] 54 
Difference | —2 —1| oO; +1 +1 | 0 | 0 +1 {| +4+2/ +42 
Duncan on rough lemon: | | l | | l 
Unsprayed | 30 34 43 44 44 | 46 | 46 46 | 47 48 
ieouped | 32| 37| 43| 44| 45| 45] 46| 46] 47| 48 
Difference | +2| +3 | 0 | oO; +1{ —1'| a 2 ae 0 
Duncan on sour orange: | | | | | | 
Unsprayed 27 33 | 42 | 45 44 | 44 | 46 46 49 | 48 
Sprayed 30 | 36| 44] 46| 46| 46| 47| 47] 50] 50 
Difference , +38] +3] +2] 41 +2 +2/ +1/ +1] #~+1/ «+42 
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Table 3.—Effect of lead arsenate spray on the average percentage of grapefruit that was juice at different 






























































picking periods, 1939-43. 
(+ indicates that a greater percentage of sprayed fruit was juice than unsprayed; — a smaller mannan ) 
iieaanrinsecieatiy | Juice per fruit 

[BEE Taw To, [aes | | em, | Lass | 4 
Variety, rootstock 25— | Sept. | Oct. | Nov Dec. | Jan. | Feb. | Mar. | Apr. | May 
and treatment Sept. 2| 25— 50 | 23-28 | 20-26 18-23 | 15-20 | 12-17 | 11-16 | 7-13 | 6-11 
Marsh on rough lemon: Pet. | Pet. | Pet. | Pet. Pet. Pct. Pet. | Pct. | Pet. Pet. 
Unsprayed 33 | 36 46 47 | 47 49 | 50 | 51 | 52 53 
Sprayed 33 39 45 | 48 | 47 | 49 | 50 | 50 | 52 | 53 
Difference 0 +3 —1/; +1] 0 0 | 0; -1 0 | 0 

Marsh on sour orange: | | | | | | 
Unsprayed 32 | 38 45 | 48 | 49 52 | 53 | 52 52 | 55 
Sprayed 30 37 | 45 49 | 50 51 | _52 | 54 | 55 | 56 
Difference —2 —1 | o| +1 | +41 —1| -—1| +2! #+3/| +41 

Duncan on rough lemon: | | | | | | | | | 
Unsprayed 31 35 45 | 46 | 46 47 47 | 47 | 48 | 50 
Sprayed 32| 37| 45| 45| 46 47| 48| 47| 48| 60 
Difference _+1 +2/| Oj —1| 0 _O| +14] 0 | 0 | 0 

Duncan on sour orange: << Das | | | | | 
Unsprayed 29 | 34 | 44 | 46 | 47 48 | 49 | 49 | 51 | 52 
Sprayed 31 _ 387 45 48 | 48 | 46 | 48 48 51 | 50 
Difference 2 +3 +1 +2/{ +1 +2{ +1 {| +11] 0| +2 





Table 4 


1939-43. 


(+ indicates that ascorbic acid content in sprayed fruit was greater than in unsprayed; 
I 


—Effect of lead arsenate spray on the average ascorbic acid concentration per milliliter of grape- 
fruit juice at different picking periods, 


— that it was less.) 











Ascorbic acid per milliliter of juice 












































| Aug. | | | | | | | 
Variety, rootstock | 25- | Sept. | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. Apr. | May 
and treatment _ Sept. 2| 25-30 | 23-28 | 20-25 | 18-23 | 15-20 | 12-17 | 11- 16 | 7-13 6-11 
Marsh on rough lemon: Me. Mg. | Mg. | Mg. Mg. Mg. Mg. | Mg. | Mg. | Mg. 
Unsprayed 0.49 | 0.42 | 041] 0.39 | 0.38 037) 036/ 035] 034] 0. 32 
Sprayed 50] .43| ~~ .41 | 41 | 39 ae | ol 6); 4 ras 
Difference _+.01 | +.01 | .00| +02 | +.01 | +.01 +04! +.03 .00 | 
Marsh on sour orange: o | | | | | | | 
Unsprayed 62 51 47 | 44| 42! .42{| 4.42 42 | .40 37 
Sprayed .62 49 | A7 | 46 | 44 | 42 | 42 | 43 | 39 oT 
Difference 00 | —02 | .00 | +.02 | +02 | .00| .00| 4.01 | —.01| 00 
Duncan on rough lemon: | | | | | | Nl 
Unsprayed 50} 45| 44) 43 | 42/| 41| 40 {| .41 | .40 38 
Sprayed 49 | .46 45 | 44] 2.43 | .42/| 42/| .42/] ~# .40 38 
Difference —-01 | +.01 | +.01 | +.01 | +.01 | +.01 | +.02 | +.01 | .00 .00 
Duncan on sour orange: 9 | | | | | | l l 
Unsprayed 53 46 45 |  .44 43 43 42 | 42| 40 38 
Sprayed _ 52] 46| 44| 44| 43| 48] 42] .42| (41| (39 
Difference | —.01 .00 | —.01 | 00 | .00 .00 | .00 | 00 | +.01 |+.01 
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Table 5.—Effect of lead arsenate on the average total solids content of grapefruit at different picking 
periods, 1939-43. 


(+ indicates that total solids content in sprayed fruit was greater than in unsprayed; 


— that it was less.) 





| 


Total Solids 












































| Aug. | | | | | | | 
Variety, rootstock | 25—- | Sept. | Oct. | Nov. | Dee. | Jan. | Feb. | Mar. | Apr. | May 
and treatment Sept. 2| 25-30 | 23-28 | 20-25 | 18-23 | 15-20 | 12-17 |11-16 | 7-13 | 6-11 
Marsh on rough lemon: | Pet. | Pet. | Pet. Pet. Pet. Pct. Pet. Pet. Pct. | Pct. 
Unsprayed |} 9.21 | 9.11 | 9.46 | 9.79 | 9.85 9.60 | 9.49 | 9.40 9.24 | 9.01 
Sprayed | 9.13 | 8.97 | 9.55 | 9.97 | 9.89 | 9.61 | 9.60 | 9.44 9.14 8.83 
Difference | —.08 | —.14 | +.09 | +.18 | +.04 | +.01 | +.11 | +.04 | —.10 | —.18 

Marsh on sour orange: | | | | | | | | | | 
Unsprayed | 10.42 | 10.35 | 10.86 | 11.19 | 11.42 | 11.15 | 11.44 | 11.37 | 11.03 | 10.85 
Sprayed | 10.81 | 10.89 | 11.10 | 11.29 | 11.39 | 11.09 | 11.36 | 11.45 | 10.77 | 10.71 
Difference +. +39 | +.04 | +.24 | +.10 | —.03 | —.06 | —.08 | +.08 | —.26 | —.14 

Duncan on rough lemon: a ee l l 
Unsprayed 8.98 | 9.07 | 9.94 | 10.42 | 10.59 | 10.35 | 10.42 | 10.50 | 10.17 | 10.12 
Sprayed | 9.10 | 9.15 | 9.75 | 10.43 | 10.44 | 10.88 | 10.46 | 10.41 | 10.22 | 10.17 
Difference |} +.12 | +.08 | —.19 | +.01 | —.15 | +.03 | +.04 | —.09 | +.05 | +.05 

Duncan on sour orange: Loh | | | | | 

Unsprayed 10.59 | 10.50 | 11.17 | 11.99 | 12.29 | 12.03 | 12.48 | 12.41 | 12.28 | 12.32 
Sprayed 10.78 | 10.75 | 11.84 | 11.93 | 12.32 | 12.24 | 12.53 | 12.72 | 12.54 | 12.08 
Difference | +.19 | | +.25 | +.17 | —.06 | +.03 | +.21 | +.10 | +.31 | +.26 | —.24 








Table 6.—Effect of lead arsenate spray on the average total acid of grapefruit at different picking periods, 
1939-43. 


(-—indicates that total acid was less in sprayed fruit than in unsprayed.) 








Total acidity 















































| ats 
| Aug. | | | | | | 
Variety, rootstock | 25- | Sept. | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May 
and treatment Sept. 2| 25-30 | 23-28 \ an ag | 18-23 | 15-20 | 12-17 | 11-16 | 7-13 | 6-11 
Marsh on rough lemon: | Pet. | Pet. | Pet. | Pet. | Pet. | Pet. | Pet. Pct. | Pct. | Pct. 
Unsprayed 1.86 148 | 155) 152! 21:46) 1.88) 129 1.23 | 1.14] 1.01 
Sprayed | £938) 23a | 287) 2881 196 | 2.46 1121 104 | 92 | .80 
Difference [—13 | —11 | —.18 | —.19 [—20 | —23 | —17 | —.19 | —22 | —31 
Marsh on sour orange: | | | | | 
Unsprayed | 2.05 | 1.63 1.68 1.60 1.47 1.44 1.39 1.31 21.18) 1.4 
Sprayed | 1.86 1.51 1.53 | 1.39 | 1.30 1.19 1.36 | 1.90] 95 | 84 
Difference | =e | —J2 | — Se | — 2 |) a | et HS | ee | ee ee 
Duncan on rough lemon: | poe | | | | | | 
Unsprayed | 1.81 1.55 | 1.62 | 1.61 1.56 | 1.52 | 1.47] 1.44] 1.82 1.23 
Sprayed | £2.67 1 2.39) 1481 1398 1.35 | 1.27 124 | 1.13 | 1.06 97 
Difference | —.14 | —.16 | —.19 | —.23 | 21| —.25 | —.23 | —.31 | —.26 | —.26 
Duncan on sour orange: | | | | | | 
Unsprayed 2.06 1.83 | 1.97 | 1.97 1.93 | 1.81 | 1.78 | 1.68 | 1.63 1.53 
Sprayed | 1.97 | 1.65 | 1.71 | 1.69 1.59 | 1.54 1.45 | 1.42 | 1.29 1.21 
Difference | —.09 | —.18 | —.26 | —.28 | —.34 | —.27 | —.33 | —.26 | —.34 | —.32 
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Table 7.—Effect of lead arsenate spray on the average ratios of total solids to acid in grapefruit at different 


picking periods, 1939-43 
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(+ indicates that the total solids-to-acid ratio was greater in sprayed fruit than in unsprayed.) 








Aug. | | | | | 
Variety, rootstock 25- | Sept. | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May 
and treatment Sept. 2| 25-30 | 23-28 | 20-25 | 18-23 | 15-20 | 12-17 | 11-16 | 7-13 | 6-11 
Marsh on rough lemon: | | | | | | | 
Unsprayed 4.95 6.16 6.10 | 6.44 6.79 | 6.96 | 7.36 | 7.64 8.11 8.92 
Sprayed | 5.28 | 655 | 6.97 | 750 | 7.91 | 836 | 8.57 | 9.08 | 9.93 | 11.04 
Difference | +.33 |] +.39 | +.87 |+1.06 |41.12 [41.40 |+1.21 |4+1.44 |4+1.82 |+2.12 
Marsh on sour orange: | | | | | | | 
Unsprayed 5.08 | 6.35 | 6.46 6.99 Ti | U4 | 8.23 | 8.68 | 9.35 9.52 
Sprayed | 5.81 | 6.88 | 7.25 | 812 | 8.76 | 9.32 | 9.79 | 10.41 | 11.34 | 12.75_ 
Difference | +.73 | +.538 | +.79 |+1.13 | +.99 |+1.58 |+1.56 |4+1.73 |+1.99 |4+3.23 
Duncan on rough lemon: | | | | | | | | 
Unsprayed | 4,96 5.85 | 6.14] 647 | 6.79 | 681 | 7.09 | 7.29 | 7.70 | 8.23 
Sprayed | 5.45 | 658 | 682 | 7.56 | 17.73 | 8.17 | 8.44| 9.21 | 9.64 | 10.48 
Difference | +.49 | +.73 | +.68 |+1.09 | +.94 |+1.86 |41.35 |4+1.92 |41.94 |42.25 
Duncan on sour orange: | | | | | | | | | 
Unsprayed 5.14 | 5.74) 5.67 | 6.09 | 6.37 6.65 | 6.98 | 7.39 | 7.53 | 8.05 
Sprayed | 5.47 | 6.52 | 663 | 7.06 | 7.75 | 7.95 | 864 | 8.96 | 9.72 | 9.98 
Difference | +.383 | +.78 | +.96 | +.97 |4+-1.38 |+1.30 |4+-1.66 [+1.57 |4+2.19 |4+1.93 


Solids-acid ratio 


















































Table 8.—Effect of lead arsenate spray on the average palatability as indicated by numerical ratings of 


grapefruit at different picking periods, 1939-43. 


(+ indicates increase in palatability in sprayed fruit; 


— decrease in palatability.) 





| 


Numerical ratings (palatability) 











| Aug. | | | | 
Variety, rootstock 25- | Sept. | Oct. | Nov Dec. | Jan. | Feb. | Mar. lA pr. | May 
and treatment | Sept. 2| 25-30 | 23-28 | 20-25 18-23 | 15-20 | 12-17 | 11-16 | 713 6-11 
Marsh on rough lemon: | | | | | | | | | 
Unsprayed 20 | 32 | 54 | 60 62 | 69 | oe | 81 | 83 | 85 
Sprayed 20| 32/| #55! 65 68 | 74] 80 83 | 85 | 86 
Difference | Of. 0}; +1/ +5/|) +6| +5| +3 +2 | +2] +1 
Marsh on sour orange: | | | | | | | | 
Unsprayed | 20 | 34 52 | 62 69 | 76 | 82 | 87 | 87 | 92 
Sprayed | 20| 34| 652| 67| 69| 79| 8&5 89 | 89 85 
Difference | 0| +2| —2| +65| O| +3/ +3/ +2/| +4+2/| —7 
Duncan on rough lemon: | | | | | | | 
Unsprayed 20 | 35 54 | 62 65 | Tt | 78 | 81 | 84 86 
Sprayed | 20 | 39 | 59 | 67 69 | 75 | 82 | 84 | 87 | 87 
Difference | O| +4] +5/ +5] +4] +4] +4] +3/ +31] +41 
Duncan on sour orange: | | | | | | 
Unsprayed 20 35 | 55 61 65 | 73 81 | 86 | 87 88 
Sprayed 20 | 38 | 54 68 72 | 80 85 | 89 | 91 91 
Difference | 0} +3{| -—1/ 4+7/] +7] +7 +4| 4+3| 44] 43 
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juice than did fruit from similarly sprayed 
Duncan trees. 

Ascorbic acid (vitamin C). Spraying with 
lead arsenate in the summer did not lower the 
ascorbic acid concentration in the juice of 
grapefruit; in fact, the vitamin concentration 
in sprayed fruit was very slightly greater, but 
these results are probably not significant, as 
may be seen from the data given in table 4. 
They are of interest, however, since Nelson 
and Mottern (5) reported that the vitamin C 
content of oranges from trees sprayed with 
lead arsenate was found to be considerably 
lower than that of oranges from unsprayed 
trees of the same variety and the same degree 
of maturity. As with fruit from unsprayed 
trees, the highest average concentrations of 
ascorbic acid were found in immature Marsh 
and Duncan grapefruit. As the fruit ripened 
the milligrams of ascorbic acid per milliliter 
of juice gradually decreased and the lowest 
values were found late in the season in very 
ripe fruit. 

Rootstock and variety affected the ascorbic 
acid content of the fruit. The Marsh grape- 
fruit on sour orange rootstock contained a 
slightly greater concentration than on rough 
lemon. Comparisons between varieties indi- 
cated slightly higher ascorbic acid values in 
the Duncan than in the Marsh fruit. 


Total solids. Spraying with lead arsenate 
did not greatly affect the total solids content 
of the fruit, as shown in table 5 where the 
increases or decreases caused by spraying 
have been computed. The differences asso- 
ciated with spraying were not consistent. The 
results herein presented are in general agree- 
ment with the findings of Miller, Bassett, and 
Yothers (4), who showed that the total solids 
of fruit juice were somewhat increased when 
as little as 0.008 mg. of arsenic trioxide was 
present on the leaves at the time the fruit 
reached maturity, but that solids decreased 
when more than this was present. 

Table 5 indicates that values for total solids 
were generally highest when the sprayed 
grapefruit was in prime eating condition. 
Slightly lower solids were usually found earlier 
in the season in immature fruit and also late 


in the season in very ripe fruit. The data 
indicate that the rising gradient was more 
pronounced in Duncan than in the Marsh fruit, 
due in some measure to the higher maximum 
values for the former. Duncan had greater 
total solids content than did Marsh. 

Rootstock on which the sprayed grapefruit 
was grown affected the total solids of the 
fruit, both the Marsh and the Duncan fruit 
containing greater amounts when on sour 
orange rootstock than on rough lemon. 

Total acid. Spraying with lead arsenate 
significantly affected the acid content of the 
fruit at all picking periods (table 6). Tests 
made on immature fruit picked about Septem- 
ber 1 showed that the lead arsenate spray 
reduced the acidity about 4 to 9 percent 
relatively, below that of unsprayed fruit. In 
the very ripe fruit picked in May the total 
acid of the sprayed fruit was reduced about 
21 to 26 percent. The effect of lead arsenate 
on the total acid content of the fruit therefore 
appears to be progressive, the differences be- 
coming greater as the fruit ripens. It is ap- 
parent that the total acid in both sprayed and 
unsprayed fruit decreased regularly with ma- 
turity and ripening, as is shown by the average 
values in table 6. 

These findings are in agreement with those 
of Miller, Bassett, and Yothers (4), who found 
that when arsenic was present on the leaves 
not so much acid was formed in the fruit and 
what was formed disappeared more rapidly 
than it did in unsprayed fruit. 

It will also be noted in table 6 that the 
rootstock on which the sprayed trees were 
grown affected the total acid and that both the 
Marsh and the Duncan grapefruit on sour 
orange rootstock contained a higher percent- 
age of total acid than those produced on 
rough lemon; the Duncan variety had a slight- 
ly greater total acid content than did the 
Marsh, 

Ratio of total solids to total acid. Table 
7 shows the ratios of total solids to total acid. 
These data were calculated from the average 
values obtained for total solids (table 5) and 
for total acid (table 6). 

For both sprayed and unsprayed fruit the 
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ratio of solids to acid generally increased with 
maturity and ripening of the fruit. This 
increase was primarily due to the consistent 
decrease in the total acid, since the solids 
were generally highest when the grapefruit 
was in prime eating condition and lower in 
immature and also in very ripe fruit. 


Spraying with lead arsenate thastened the 
rate of lowering of acidity of the grapefruit, 
which resulted in higher ratios of solids to 
acid at an earlier date and consequently in an 
earlier attainment of legal maturity than in 
the case of unsprayed fruit. According to 
these data the sprayed grapefruit passed the 
legal ratio requirement from 1 to about 4 
months earlier than the unsprayed fruit. Ta- 
ble 7 indicates that the sprayed fruit passed 
the legal ratio requirement between Septem- 
ber 25 and October 28, whereas the unsprayed 
fruit passed the legal solids to acid require- 
ment between October 23 and January 20. 

In the Marsh variety the fruit from the 
unsprayed and sprayed trees on sour orange 
rootstock passed the legal solids to acid ratio 
requirement earlier than did comparable fruit 
on rough lemon rootstock, while in the Dun- 
can variety such differences due to rootstock 
were not always consistent. More extensive 
comparisons of ratios of total solids to total 
acid as affected by spraying with. lead arse- 
nate are presented in another publication (2). 

Palatability of fruit. The eating quality 
of the sprayed and unsprayed fruit was eval- 
uated according to the method and the arbi- 
trary standard scale described in another pub- 
lication (2). The averages presented in table 
8 are fairly consistent throughout the period 
of sampling and showed a gradual increase 
in the eating quality of grapefruit with ripen- 
ing. The lower acidity caused by spraying 
with lead arsenate resulted in a more palatable 
fruit, as shown by the higher numerical rat- 
ings in comparison with those attained by 
fruit not sprayed with lead arsenate. The 
differences in palatability due to this spray 
are more definitely brought out in table 8, 
which shows the progressive changes result- 
ing from this treatment. 

Immature, unpalatable fruit was rated be- 
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low 70, while the qualification for consumer 
acceptability was a rating of from 70 to 100. 
On this basis the unsprayed grapefruit in this 
test met consumer approval by about January 
15, with most of the fruit approaching this 
standard about a month earlier. From Jan- 
uary into May the degree of palatability 
gradually increased. The slightly higher 
numerical values shown for the sprayed fruit 
indicated an earlier consumer approval and 
a general slight preference for it as compared 
with the unsprayed fruit. 

The data obtained on palatability do not 
support very closely present legal maturity 
ratio standards. The data on palatability 
shown in table 8 indicate that the present ratio 
requirement permits the shipment of sour fruit 
regarded by the taste judges as below the 
standard of acceptability for fruit to which 
no sugar had been added. 

The findings show that rootstock influenced 
the eating quality of the sprayed and un- 
sprayed fruit. It may be noted that both 
Marsh and Duncan fruit had higher numerical 
palatability ratings when they were grown on 
sour orange rootstock than when on rough 
lemon. The ratings differed slightly for the 
two varieties, the Duncan usually being rated 
higher than the Marsh; the differences in the 
averages, though small, are statistically sig- 
nificant. 

Summary 


Spraying the grapefruit trees and fruit in 
July with one application of lead arsenate 
(at the rate of 1 pound of lead arsenate to 
100 gallons of water, the concentration com- 
monly used commercially), brought about a 
significant reduction in total acid. The total 
acid of immature sprayed fruit was about 4 
to 9 percent below that of the unsprayed, 
and that of very ripe sprayed fruit was as 
much as 21 to 26 percent less than for un- 
sprayed fruit. The lowering of the acidity 
by spraying with lead arsenate resulted in 
higher ratios of total solids to total acid; this, 
in turn, resulted in earlier maturity, as judged 
by present legal standards, and more palatable 
fruit, as shown by the higher average numeri- 
cal taste ratings. On the other hand, spray- 
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ing resulted in a slight decrease in the weight 
of the fruit and correspondingly in its size. 
It did not, however, significantly lower the 
volume of juice computed on a percentage 
basis or as milliliters of juice per 100 gm. 
of fruit, neither did it affect the concentra- 
tion of ascorbic acid or the total solids. 
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TWO RELATIVES OF THE AVOCADO AND 
THEIR REINTRODUCTION INTO 
FLORIDA 


DAVID FAIRCHILD 
Coconut Grove 


When my friends asked me why I was go- 
ing to Guatemala last summer, I told them I 
wanted to get seeds of the Coyo and the Anay, 
two trees related to the Avocado. It has 
seemed to me for some years that it was 
about time the horticulturists of this country 
paid some attention to the possibilities of 
combining the relatives of the genus Persea 
with the idea of creating new and perhaps 
advantageous hybrid forms of the avocado 
which would be new to horticulture, like the 
tangelos which are new forms created by 
Swingle through the combining of distinct 
species of citrus* 

It had always annoyed me whenever I went 
to see the late George B. Cellon, that al- 
though a good sized tree of one of these wild 
relatives of the avocado, introduced by Wilson 


'Popenoe, was growing in his yard, there 


seemed to be nobody about who undertook 
seriously to cross its flowers with those of the 
avocado. This tree was Persea schiediana, 
known in Guatemala as Coyo or Chucte or 
sometimes as Shucte. Popenoe collected 
some budwood (44999 S& P. I.) in San Cristo- 
bal, Vera Paz, in July of 1917 and in Tactic 
in Alta Vera Paz some seeds (45354) in Oc- 


* Iam not unmindful of the fact that to 
make artificial crosses between different va- 
rieties of avocados is a very much more diffi- 
cult undertaking than that of crossing varie- 
ties of citrus and that some new, special 
techniques will probably have to be devised 
for breeding work such as I have hinted at. 
First, however, let us get the species estab- 
lished where crosses might be made. 
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tober of the same year. 
to live, but some of the seeds grew and I be- 
lieve Mr. Cellon’s tree was from seed from 
Tactic. 

The account of Popenoe’s introductions of 
these two species of trees is to be found in 
the Inventories of Plant Introductions of the 
Office of Foreign Plant Introduction of the 
U. S. Department of Agriculture. I am not 
going into the details of these previous in- 
troductions now, since so far as I can find, 
no trace of them remains as a living record 
of what was a remarkable piece of introduc- 
tion work. I say no trace. I should remark 
that Popenoe’s published accounts of them ° 
full and sufficient and should arouse the cu- 
riosity of any horticulturist who is interested 
in the possibilities of avocado plant breeding. 


What the outcome of such breeding experi- 
ments will be nobody can predict, I suppose, 
but I am assuming in this paper that some- 
thing worth while may result. For Popenoe’s 
judgement as a student of the avocado im- 
presses me, and it is this judgement which 
urged me to make an attempt to get seeds of 
the Coyo again. Here is what he says in his 
account of S. P. I. 45354: “Among the hun- 
dreds of coyo trees which are found through- 
out the Vera Paz region, an exceedingly 
small number produce fruit of excellent qual- 
ity. Up to the present time I have found only 
two which seem worthy of vegetative propa- 
gation. The vast majority of trees produce 
small, often malformed fruits, with a large 
seed and fibrous flesh of poor quality and un- 
attractive color. The best varieties, however, 
such as that found in the property of Padre 
Rivera, of Tactic, are as large as a good avo- 
cado of the West Indian race. The seed is 
no larger in proportion than the seed of a good 
budded avocado, and the flesh is creamy white, 
free from fiber, and of a very rich nutty flav- 
or. If a variety like this can be established 
in the United States, it seems reasonable to 
believe that it will become popular. The fruit 
so strongly resembles an avocado in general 
appearance that it would not be taken by one 
unfamiliar with avocados for a distinct species, 
but the flavor is so distinct that the difference 


The bud wood failedcan be recognized at once. 
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The season of 
ripening is much shorter than with the avo- 
cado * * * *, When picked and laid away 
to ripen the coyo requires only three or four 
days to soften, while the avocado sometimes 
takes eight or nine days.. Among the Indians 
of the Vera [Paz region the coyo seems to be 
preferred to the avocado.” 

This description might deter some from 
growing the coyo, might convince those who 
draw conclusions from mere verbal descrip- 
tions without seeing the actual thing, that it is 
useless to try it. This note is not for such. 

I used to visit Mr. Cellon’s tree on his old 
place on Seventh Avenue and admire the trim 
clean trunk and large, soft, pubescent leaves; 
they were much larger than those of the 
avocado and the flower clusters were covered 
with a felt of soft pubescence. Mr. Cellon 
told me that it fruited for him once but that 
the fruits were small, slender things without 
fully developed seeds and in his opinion of 
no value. He never tried to hybridize it as 
I recall, and because the seeds would not grow 
and some preliminary efforts to bud the tree 
on avocado stocks were not successful, Mr. 
Cellon finally chopped it down I always re- 
gretted the disappearance of the Cellon tree 
but events around me prevented my doing 
anything constructive, such as making breed- 
ing trials for example, and I have always had 
it in mind to get some seeds of it for another 
trial under the changed conditions of a wider 
interest in the avocado industry. 

It was with this background that I de- 
termined last summer to visit the regions in 
Guatemala where the coyo grows and see if I 
could get seeds and get more information 
about the species. 

What I secured was not much, hardly 
enough perhaps to warrant this paper, but I 
give it with the hope that it may stir up in- 
terest in its introduction on a wider scale. 

Wilson Popenoe also discovered another 
wild relative of the avocado when he was ex- 
ploring in the mountains and lowlands of 
Guatemala in 1916-17, and although so far as 
I know not a single tree of it has survived, 
his carefully worded account of it and the 
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fact that it was determined to be a distinct 
genus of the avocado family by Dr. Blake, 
Hufelandia anay Blake, made it also appear a 
desirable tree to reintroduce. Here is an ab- 
stract of Popenoe’s first description of the 
tree and fruit. “43432 S. P. I. No. 34A, 
Mazatenango, Guatemala, Sept. 23, 1916. 
Seeds of an interesting species of Persea 
which occurs in this region as a large forest 
tree and is called anay by the natives. It so 
closely resembles an avocado of the Mexican 
race in the external appearance of the fruit 
as to lead one to suspect at first that it must 
be a form of Persea americana, but on a closer 
examination of the tree and fruit one finds 
numerous characters which indicate that it 
must be entirely distinct from Persea.” 

“In clearing the forest for planting coffee, 
a few large trees are left to provide shade 
for the coffee plants and it was due to this 
fact that we found the anay. Two large trees 
are standing close to the entrance of the 
Finca, ‘El Compromiso,’ about one half mile 
from Mazatenango. Others are said to occur 
in the forest and are known to the natives, 
who eat the fruit in the same way as avo- 
cados and consider them a variety of avocado, 
‘tipo de aguacate’ as they say. 


“The anay is a tall rather slender tree, 
reaching a great height in the forest. The 
two which were seen were between 60 and 
70 feet in height. The bark is nearly smooth 
and of a rich red brown color, greyish in 
places. The young branchlets are light brown, 
finely pubescent; the leaf blades are broadly 
elliptic to oblong, lanceolate in outline, 8 to 
13 inches long, 3 to 6 inches broad, acute to 
shortly acuminate, * * * * *. The foliage 
when crushed has no aromatic odor like that 
of the Mexican race. The fruits ripen in 
August and September. In form they are 
slender pyriform, sometimes curved and some- 
times pointed at the apex.” (For excellent 
photographs of both the tree trunk and the 
fruit see “Plant Immigrants” No. 133, May, 
1917, Plates 217 and 218, a mimeographed 
bulletin of the Office of Foreign Seed and 
Plant Introduction, Bureau of Plant Indus- 
try, U. S. Department of Agriculture, which 


ran from 1908 to 1924 as a monthly but was 
killed by the Government Printing Office.) 

As soon as Mrs, Fairchild and I arrived at 
the “Casa Popenoe” in the ancient town of 
Antigua, once the most beautiful city of the 
western hemisphere, now the most charming 
ruined town in the world, I began making en- 
quiries as to how we could ferret out these 
two avocado relatives and perhaps get more 
seeds of them. Rummaging about in his 
library, I found a bound volume of Wilson 
Popenoe’s field notes and by chance opened 
the volume right at his account of the dis- 
covery of both the anay and the coyo. This 
find made it easy to look these species up. 

With copies of his notes in my little red 
book, Mrs. Fairchild and I set out one morn- 
ing for the lowlands of Guatemala and Maza- 
tenango. Antigua lies between two magnifi- 
cent voleanoes at 4900 feet altitude and warm 
underclothes are comfortable. September 
temperatures range from 86 to 59 as com- 
pared with 92 to 80 in Coconut Grove, and 
the cool, almost cold nights make blankets 
necessary. The average rainfall in Guatemala 
City is only 47 inches, less than that of South 
Florida. Mazatenango on the contrary is only 
1235 feet above sea level and has a rainfall 
of about 100 inches and temperatures more 
like those in South Florida during the sum- 
mer season. 

As our car descended along the trail to- 
wards Esquintla where we took the train for 
Mazatenango, we began almost immediately to 
ciscard overcoats and sweaters and then coats 
until by the time we reached what is known 
as the “Tierra Caliente’? we were dripping 
with perspiration and so boiling hot that I 
had to hunt a place—a little hotel of sorts— 
in which to get out of my flannel underwear 
into the lightest garb possible in order not to 
melt on the train ride to Mazatenango. This 
ride through the banana plantations and 
sugar cane and occasional coconut palm plant- 
ings, although as the crow flies only about 
25 miles from Antigua, was as different as 
or more so than between North and extreme 
South Florida. Altitude and its effect on 
vegetation is something which one living a 
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life on the level “plains” of Florida finds it 
hard to realize. Old residents of Antigua 
no more think of planting trees or shrubs 
from the Tierra Caliente in their gardens, ex- 
pecting them to live, than a resident of Talla- 
hassee would plant coconuts in his yard and 
believe they would grow there. And yet 
there is no question of frost injury to tender 
plants in Antigua. I think the cool nights 
are detrimental to strictly tropical low land 
species in the uplands, and hot muggy nights 
are suffocating, so to say, to high altitude 
species when planted in the lowlands. I have 
had the experience time and again of planting 
thigh altitude plants from Colombia or Guate- 
mala in my own garden at Coconut Grove and 
being encouraged by their excellent growth 
during the cool season, to have all my hopes 
dashed as soon as the hot humid nights of 
summer come on. Shading helped them but 
do what I could they faded away, growing 
smaller and smaller as the insects attacked 
them and they either died or led a miserable 
existence until the cool days of autumn ar- 
rived, when they started in again and made 
a fair growth, only to repeat the process the 
following summer. The effects of altitude 
are felt by plants as they are by humans and 
their protoplasm may be quite as sensitive as 


ours to pressures of atmosphere and the other 


qualities of altitude. This is at least the 
hypothesis under which I am at present op- 
erating. 


When we reached Mazatenango the repre- 
sentative of the United Fruit Company met 
us and in a half hour we stood at the en- 
trance of the Finca “El Compromiso” and 
looked around for the trees Wilson Popenoe 
had described as seeing there on September 
23, 1916, 29 years before. We were there 
almost on the anniversary of his visit, for it 
was September 27th. There the trees stood 
as though unmindful that a third of a cen- 
tury had passed since that other American 
horticulturist had come to see them. 

I had read in Wilson Popenoe’s notes that 
when he was there in 1916 the fruits were 
most of them on the ground and anticipated, 
but not fully, that I should find the same 
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state of affairs when we visited the trees. 
There was not a fruit to be seen, not one, but 
in the weeds at the foot of the tree where 
we searched, young seedlings here and there 
were coming up. They were vigorous enough 
but their fleshy cotyledons which were still 
attached and their slender petioles made them 
easily distinguishable from the cotyledons of 
the avocado. They were riddled with all 
sorts of humus-inhabiting larvae, such as gen- 
erally reduce the cotyledons of plants when 
the food materials have been removed by the 
seedling. 

We gathered every likely seedling into our 
baskets and made sure there were no other 
trees anywhere about and then approached 
the residence of the owner of the finca, Sefior 
J. Antonio Ramirez, one of the old residents 
of the region. He received us cordially and 
although we began with our poor Spanish he 
spoke English perfectly. He entertained us 
on the porch of his large house, excusing the 
appearance of disorder by saying that he had 
just returned from Lincoln, Nebraska, where 
his son is at college and where he had been 
twice to visit him. 

Yes, he liked the anay; it had a somewhat 
sweeter taste than the avocado and there were 
many of this friends who preferred it to the 
avocados, or as he called them the aguacates. 
Since the avocados which he knew were prob- 
ably all of the lowland, leathery skinned, 
so-called ‘‘West Indian” type, his observation 
on the flavor of the anay did not mean much. 
For in these matters of taste unless you have 
the food you are judging actually in your own 
mouth, in contact with your own taste buds, 
you cannot ‘“‘tell what it tastes like.’ 

Senor Ramirez ordered one of this men to 
bring the stump of an old tree fern for us 
to pack our seedling anays in and we left 
him with the arrangement made that he would 
send us next August as many fruits of the 
anay as we required. We had expected to 
find a good hotel in so large a town as Matza- 
tenango but were disappointed, and our United 
Fruit Company friend insisted we must push 
on in his automobile to the town of Retakhuleu 
where a perfectly delightful hotel awaited us 








174 


with a patio in which 25 species of ornamental 
trees and shrubs and vines were growing, and 
where the next day we cleaned and packed in 
shredded fern roots the seedlings we had 
gathered, getting them ready for the air 
express from Guatemala City. 

We returned the same way we had come 
to the Casa Popenoe in Antigua and in a 
day or two I took the seedlings to the Palace 
in Guatemala and showed them to Senor Pa- 
checo, then the Secretary of Agriculture, and 
had them passed for export by plane to Coco- 
nut Grove. The next time I saw Sefior Pacheco 
was the day before a revolution in which 
tanks blew the forts to pieces and ousted the 
whole government, but the new officials showed 
him the courtesy of allowing him to remain 
in the country and in his surprising nursery 
of orchids and bromeliads. 

The changes in fortune brought by a third 
of a century thave landed Wilson Popenoe as 
President o fthe Escuela Agricola Panameri- 
cana at Zamorano near Tegucigalpa, Hon- 
duras, and as we were invited to the cere- 
monies of its opening. I took in my arms some 
of the seedling anays, gathered from under 
the very trees where he had discovered them 
29 years before, and had the pleasure of pre- 
senting them to my old colleague in person 
and seeing them safely planted in his school 
slat-house where in the future they may grow 
and form a part of the school aboretum. Who 
knows but they may play a role in the devel- 
opment of the avocado orchard which he con- 
templates building. 

The anay seedlings (Hufelandia anay) 
which we sent to the U. S. Plant Introduc- 
tion Garden in Coconut Grove have grown, 
and although too few of course to insure a 
fair test, have shown so far an ability to 
withstand what was a rather rough treatment 
of transplanting. In August Sefior Ramirez 
will surely send us some seeds. 

There now remained the coyotolook up. 
We made a visit to the Plant Introduction 
Garden at Lancetilla near Tela, which belongs 
in another story, and flew back to join our 
son Graham, who was detailed from his post in 
Panama to Guatemala to study a serious eye 
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disease carried by a biting fly. A few days 
later the three of us took a morning plane 
for Coban and Tactic where the coyo trees 
occur, 

Juan Chiquin, the driver of the auto which 
the charming Hempsteads put at our disposal 
while we were in their delightful inn, “La 
Posada” at Coban, knew plants as has no 
other chauffeur I ever drove with. He grasped 
instantly that we wanted seeds, and when no 
fruits could be seen in the trees he began 
scratching about at the base of the trees. 
When none could be found under them, he 
knew other trees miles away where there must 
be some, and disappeared across a log that 
crossed the mountain stream along which we 
thad been hunting. When he returned he had 
a basket full of coyo seedlings, unmistakable, 
with the same soft pubescent leaves as the 
trees about me. 

Like the seedlings of the anay, these of 
the coyo had to be carefully cleaned and 
washed and swathed in fern fibers before 
they were put in the air express in Guatemala 
City a few days later. Some of these have 
grown and are now being watched by two 
careful plant propagators in Chapman Field 
and The Fairchild Tropical Garden slat- 
houses. 

I saw numerous specimens of the coyo 
growing around on the hillsides that ringed 


-an area of lowland through which flowed the 


Chichochoe river in the Finca Chipoc. Some 
of these were nearly two feet in diameter 
and perhaps 40 feet high. They were evi- 
dently old trees, with wind beaten foliage, 
and were standing where their roots must 
have an abundance of water but in a stiff soil 
whose acidity was evident, in strong contrast 
to the calcareous rocky soil which surrounded 
the only tree of coyo I thad ever seen before, 
that on Mr. Cellon’s place in Miami. Some of 
these trees must be flooded whenever the 
river rises and overflows its bank. Near them 
were numerous trees of the native Liquida- 
mbar styraciflua which I have always asso- 
ciated with river bottoms in North America, 
and I am inclined to think the coyo may grow 
better on the marl prairies along the lower 
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east coast of South Florida than on the rocky 
lands. The similarity of the lands where it 
grows in Guatemala to such as the hard 
shelled Guatemalan type of avocado selects 
may indicate, however, that it will prefer the 
kind of soil and drainage that our Guatemalan 
winter fruiting avocados elect. 

I had a chance in November, a week later 
after our visit to Coban which lies at 4300 
feet altitude, to see a single specimen of coyo 
tree in the low country of Guatemala, at San 
Augustin, at 1080 feet altitude. It was an 
immense specimen, 4% feet through and 70 
feet tall, and it grew on the alluvial lands 
bordering a branch of the Rio Motagoa in the 
Finca San Miguel owned by Senor Joan R. 
Lopez. How old it was nobody there knew. 
But although it was reported to bear heavy 
crops and the fruits were esteemed very 
highly by the owner and by the people gen- 
erally, who class it as an avocado or rather 
an ‘“aguacate”’, I was much too late to get a 
fruit. 

However, the gentleman who took me with 
him to San Augustin from his home and Mis- 
sion School at El] Rancho, Mr. Edward Hay- 
maker, one of the best known Americans in 
all Guatemala, assured me that when the tree 
fruits he will ship me as many as I want. I 
cannot let pass the cocasion to mention that 
Mr. and Mrs. Haymaker are two of the most 
remarkable people I met in Guatemala. They 
have the complete confidence of the Indians 
of their region and from many miles around 
children flock to the Haymaker house which 
they “‘own’’, so to say, during school hours, 
and where they get that discipline and loving 
treatment which I knew as a boy in the Middle 
West and which I have come to think of as a 
treatment which builds character. 

The region around El Rancho is distinctly 
dry and the landscape reminded me of the 
deserts of Arizona with tall cacti everywhere 
and eroded canons filled with spiny vegetation 
able to endure long periods of drouth. As Mr. 
Haymaker, a man of 86, walked me over the 
hills along the narrow paths, we passed a 


shrub of the lignum vitae tree Gaiacum 
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the owner of the land on which it stood as- 
sured us that it had not changed in appear- 
ance so far as he could judge during the last 
ten years. Standing not far off was an older 
tree that was 30 feet high and had a trunk 
over a foot in diameter; it must be centuries 
old. I have one of these beautiful blue 
flowered trees on my own place and it always 
attracts attention when it flowers. I mention 
this to show the character of the interesting 
region around El Rancho. Someday I would 
like to return there and look for ornamental 
plants for South Florida. There may be many 
such. Wilson Popenoe found in this region, 
the region of Progresso as it is called, that 
superb flowering tree the “Flor de Mico”, 
Phyllocarpus septentrionalis. He introduced 
the seeds in 1917 and there are many beauti- 
ful specimens growing around Coconut Grove 
where, although it rarely produces its beauti- 
ful red flower clusters, those who own it 
refuse to cut it down because it has the grace- 
ful habit of an American elm and has proven 
itself a very valuable shade tree. In the 
Soledad Garden in Cuba I have seen it in 
bloom in February and vote it one of the 
loveliest of all the flowering trees I have ever 
seen. Although Popenoe described it as grow- 
ing along the banks of streams and as prob- 
ably demanding a good deal of water, here in 
the Coconut Grove region it thrives well on 
the porous rocky soils. 

I should like to record other of the inter- 
esting plants we saw, such as the Skinner’s 
oak, Quercus skinneri, with acorns two inches 
long; the “Injerto” or green sapote, Calo- 
carpum viride, an excellent Sapotaceous 
fruit; the “Pitahaya”, Cereus compressus, 
with large, showy fruits that contain 
a brilliant red and perfectly delicious, melt- 
ing, sweet flesh; the Annona cherimola of 
which we brought home a collection of seeds 
from selected fruits; and several interesting 
palms. sixty selections out of the hundreds 
of interesting plant species and _ varieties 
which we saw. 

Guatemala deserves a thorough exploration 
for the many plant species which would prob- 


guatemalense. It was only two feet high but ably grow in Florida. 











176 FLORIDA STATE HORTICULTURAL SOCIETY 


THE CHINCHONA VENEER-GRAFT METHOD 
OF PROPAGATING SUBTROPICAL 
FRUIT TREES 


WILLIAM C. COOPER and J. R. FURR 
United States Department of Agriculture, Orlando 


Introduction 


Subtropical fruits, such as the avocado 
and mango, may be propagated in a variety of 
ways, but none may be classed as entirely sat- 
isfactory from the standpoint of rapidity of 
manipulation and surety in giving a high per- 
centage of successful unions between stock 
and scion under a variety of conditions. The 
success of two of the most common methods, 
shield-budding and side-grafting, depends 
greatly on the condition of the stock and the 
selected scion wood or buds. For example, 
in side-grafting avocados only soft, pencil- 
size seedlings may be used satisfactorily. 
Scion wood should be selected from well-ma- 
tured terminal growth. Frequently scion wood 
is not in the proper condition when the stocks 
are in their prime for grafting. Older stocks 
that have passed their prime for budding or 
side-grafting can usually be propagated by 
inarching. This method, though fairly sure 
of success, is cumbersome and expensive. 

The objective of the present investigation 
was to develop an easy method that would 
produce a high percentage of successful unions 
under a variety of conditions of stock and 
scion and at almost any time of the year. The 
cinchona veneer-graft has partly filfulled this 
objective on the avocado, mango, lychee, ja- 
boticaba, citrus, and many citrus relatives. 
A wide application appears possible, and it is 
hoped that the following brief description 
may lead to further experimentation and im- 
provements. 

Insofar as the authors know, the particular 
style of veneer graft described herein has 
never been used on fruit plants.* It has been 
used extensively in the grafting of cinchona 
in Central and South America. According 
to Popenoe (1), the technique was developed 


by Jorge M. Benitez, plant propagator of the 

Cinchona Experimental Plantations, Inc., at 

Finca E] Naranjo, Chicacao, Guatemala. 
Description of Method 

By the cinchona veneer-graft method the 
stock is not cut off and the scion is applied 
somewhat as in inarching. A fairly long (ap- 
proximately 3 inches) shallow cut is made in 
the bark, cutting down to (Fig. 1-B), but 
not into (Fig. 1-A), the wood. As shown in 
Fig. 1-B, a streak of wood is exposed along 
the center of the cut, while considerable area 
of bark tissue is exposed on the sides and 
ends of the cut. The removal of a shallow 
slice of bark exposes a wider expanse of the 
cambial region than is exposed by the deep 
cut usually made into the woody portion of 
the stem in the ordinary veneer-graft and 
side-graft methods of propagation. 

The scions used in this method should be 
approximately 4 inches in length. A long, 
slanting basal cut should begin 1 inch from 
the upper end of the scion and terminate on 
the opposite side in a feather edge (Fig. 
1-C). Usually the diameter of the cut sur- 
face of the scion is made about the same or 
slightly less than that of the cut surface on 
the stock. In fitting the scion to the stock 
the feather edge of the scion extends almost 
to the lower edge of the stock cut (Fig. 1-D). 
Exact matching of the stock and scion appears 
unnecessary, as there is so much cambial re- 
gion exposed on the stock cut that, unless the 
scion is usually wide or narrow, it is unlikely 





* 


Since the preparation of this manu- 
script it has been learned that this method of 
grafting is being used successfully on the 
mango and other plants by Mr. David Stur- 
rock at West Palm Beach, Florida. 
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Fig. 1. Cinchona veneer-graft method used on the avocado. A, face view of stock 
showing the cut made too deep; B, face view of stock with cut properly 
made, showing shallow stock cuit exposing only a narrow streak 
of wood along the center; C, face view of scion; D, scion 
fitted to stock (the pin was used only to hold the 
scion on for photographing); E, graft 
wrapped and coated with beeswax- 
paraffin wax. 
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Fig. 2. Cinchona veneer-graft method used on the avocado. A, graft on 2-year-old 
seedling; B, Lula scion showing shoot growth from small buds in the bud- 
scar region between cycles of growth; C, new growth on Lula graft 
2 months after grafting. The seedling top was cut back 1 
month after grafting. 
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Fig. 3. Cinchona veneer-graft method used on the mango. A, face view of stock 
and scion cuts (only a very narrow streak of wood is exposed at center of 
stock cut); B, scion fitted to stock (due to wide expanse of bark on 
stock cut it was not necessary for scion to cover all of 
stock cut to get union of cambiums) ; C, Sander- 
sha scion putting out new growth 1 
month after grafting. 
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that a point of contact will fail to occur some- 
where between the cambiums of the stock and 
of the scions. It is necessary, however, to 
have a smooth cut on both the stock and scion, 
and these should be fitted together tightly. 
Frequently it may be necessary to cut a slice 
of stem off the under side of the apical end 
of the scion in order to fit together snugly 
the stock and scion. Callus formation takes 
place over the full length of the cut surfaces, 
but it has been noted that with avocados the 
point of firmest union usually occurs at the 
basal end of the scion. 

When the scion is fitted to the stock, the 
two are bound together by waxed cloth as 
shown in Figs. 1-E and 2-A. All of the scion 
is covered except about half an inch at the 
apical end. Some type of grafting compound 
is then applied around the top of the scion 
to prevent the entrance of water into the 
graft. In these experiments a semi-liquid 
grafting compound witha petroleum base was 
used satisfactorily during December, January, 
and February, but this compound appeared 
to cause some injury during March and April. 
Accordingly, a beeswax-paraffin wax was sub- 
stituted. 
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Avocado Experiments 

Results obtained in seven trials with the 
veneer-graft on avocado seedlings between 
January 6, 1945, and March 19, 1945, are 
given in table 1. This period represents both 
the winter and spring seasons, and the suc- 
cessful unions were numerous for the entire 
period. The percentage of “takes” varied 
from 61 to 100 and averaged around 80. Since 
the importance of not cutting into the wood 
in making the stock cut was not fully ap- 
preciated in some of the trials, it is believed 
that the knowledge gained from a study of 
these failures would make possible an even 
higher percentage of successful takes under 
comparable conditions, 

As table 1 shows, a number of different 
types of seedling stocks were grafted. The 
one- and two-year-old seedlings grafted as 
readily as the younger pencil-size material. 
The main difficulty in handling the younger 
material was in finding scion wood small 
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TABLE 1. Successful unions obtained by using the cinchona veneer—grait method on avocado seedlings in various 
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enough. Most of the failures with these small 
stocks came from cutting the scion piece 
wider than the cut on the stock. 

With the one- and two-year-old stocks, the 
dormant plants with the bark not “slipping” 
grafted as successfully as those in a flush of 
new growth and with the bark “slipping.” 
Second growth on cut-back seedlings, as well 
as old cut-back stumps, grafted quite readily. 

The scion wood used in these trials was in 
most instances taken from wood one, two, or 
three growth cycles below the terminal flush. 





FLORIDA STATE HORTICULTURAL SOCIETY 


of growth would be about one-half inch from 
the apex of the 3-inch scion piece (Fig. 1-C, 
D, and E). The excellent growth obtained 
from these small buds, which are axillary to 
bud scales rather than leaves, is illustrated 
in Fig. 2-B and C. 

Types of scions other than the above have, 
however, given good results. Where healthy 
buds occur in the leaf axils of the scion piece, 
they can be used successfully as the apical 
bud of the scion piece. In many cases, espe- 
cially on the older wood, most of the leaf buds 





TABLE 2. Successful unions obtained by using the cinchona veneer—graft method on a num- 


ber of subtropical fruit plants 








3toe 7 Perit Date No. of Successful 
Stock Scion Variety Grafted Grafts Unions % 
Mango, misc. sdlgs. Haden Feb. 13 18 50. 
Mango, misc. sdlgs. Haden Mar. 27 17 41. 
Mango, misc. sdlgs. Julie Mar. 27 8 50. 
Mango, misc. sdlgs. Itamaraca Apr. 2 8 75. 
Mango, misc. sdlgs. Cold-hardy sdlg. Apr. 2 10 100. 
Mango, misc. sdlgs. Sandersha Apr. 2 11 63. 
Mango, mise. sdlgs. Mulgoba Apr. 2 3 33. 
Mango, misc. sdlgs. Saigon sdlg. Apr. 20 46 44 
Mango, misc. sdlgs. Julie Apr. 20 15 80 
Jaboticaba, DeHaven sdlgs. DeHaven sdlg. Feb. 15 8 75. 
Jaboticaba, DeHaven sdlgs. DeHaven variety Apr. 2 20 100. 
Mountain lychee Sweet Cliff Apr. 2 10 40. 
Lemon guava Lemon guava Mar. 19 30 0. 
Lequat, mise. sdlgs. Variegated loquat Feb. 26 9 75. 
White-sapote White-sapote Feb. 17 7 100. 
Sweet orange sdlg. Parson Brown orange Feb. 21 15 87. 
Sweet orange sdlg. Parson Brown (shield buds) Feb. 21 21 71 
Clausena lansium tough lemon Mar. 26 10 70. 
Clausena lansium Sweet orange sdlg. Mar. 26 8 25. 
Murray Koenigii Sweet orange sdlg. Mar. 26 2 100. 
Murraya paniculata Sweet orange sdlg. Mar. 26 7 14. 
Atalantia ceylonica Sweet orange sdlg. Mar. 26 2 100. 
Glycosmis pentaphylla Sweet orange sdlg. Mar. 26 2 0. 
Aegle marmelos Sweet orange sdlg. Mar. 26 2 50. 





Various types and stages of maturity of scion 
wood have not been investigated carefully. 
However, it was observed in the seven trials 
that well-matured wood appeared to give best 
results. Wood from the first, second, and 
third growth cycles below the terminal flush 
gave approximately the same results. 

The type of scion used in most instances 
consisted of parts of the wood from two con- 
secutive growth cycles. The scion piece was 
cut so that the narrow region of bud scale 
sears and small buds separating the two cycles 


have abscised and only the smaller scale buds 
remain. 

As noted in the discussion on grafting com- 
pounds, it has been observed that the petrol- 
eum-base grafting compound appeared to kill 
some of the scions during the hot weather of 
April. It is suspected that, in addition to this 
heat factor, the scion wood itself was more 
susceptible to injury, perhaps because of the 
presence of an actively growing terminal flush 
of growth on the branches from which the 
scion wood was taken. 
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Mango Experiments 


The results obtained with the cinchona ve- 
neer-graft method on the mango are given in 
table 2. These grafts were made on 3-year- 
old seedlings obtained from a miscellaneous 
lot of seed. The grafts were insterted both 
in the main trunk, an inch or more in diam- 
eter, and in some of the lateral branches about 
half an inch in diameter. The small twigs of 
these plants had been frozen during cold 
weather in December, but by the beginning 
of these experiments in February the unin- 
jured lower portions of the plant were begin- 
ning new growth, and the bark over the entire 
tree was slipping. 

The grafts were made in the same manner 
as with avocados. Scion wood of the termi- 
nal growth, when more or less mature, as 
well as wood from several growth cycles be- 
low, was found to graft satisfactorily. In 
April, terminal growth from which an _ in- 
florescence had abscised appeared to give the 
most rapid “takes.””’ This was probably due 
to the fact that the terminal buds on these 
shoots were just about ready to break out 
into growth when the scion was taken from 
the tree. 

Scions taken from growth older than the 
terminal flush, like those of the avocado scions, 
were composed of parts of two cycles of 
growth, the basal two inches from the older 
cycle and the half inch at the apex from the 
younger cycle. However, in the case of the 
mango, the cluster of buds near the scar re- 
gion separating the two cycles of growth were 
leaf buds and not scale buds. 

A typical mango graft is illustrated in Fig. 
8. It is seen that the bark of the mango wood 
was much thicker than that of the avocado 
wood. 

The percentage of successful takes with 
the mango was in general less than with the 
avocado but averaged well over fifty percent. 
With care and practice one should be able 
to improve on this record. 

Experiments With Citrus and Citrus Relatives 

With citrus a comparison was made in a 
single experiment between veneer-grafting 
and shield-budding, the latter method being 
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the usual commercial practice. In this in- 
stance 87 percent of the veneers were suc- 
cessful as compared to 71 percent for the 
shield buds. Further observation on these 
grafts and buds showed that the veneers be- 
gan growing much sooner than the shield 
buds. The grafts and buds were made on 
February 21, and on April 25 the average 
new growth on the veneers was 12.4 cm. per 
graft, while that on the shield buds was 1.2. 
It is suspected that the dry conditions pre- 
vailing during this period had more of an in- 
hibiting influence on the growth of the buds 
than on the grafts. Accordingly, the veneer- 
graft may well be used in preference to bud- 
ding under such conditions as these. Since the 
veneer-graft does not require slipping bark, 
it is particularly useful in cases where the 
bark is tight. 

In another research study at this station 
it was necessary to graft juvenile sweet 
orange seedlings onto a number of citrus rel- 
atives. As shown in table 2, this was done 
successfully by the veneer-graft method on 
Clausena lansium, Murraya Koenigii, Atalantia 
ceylonica, and Aegle marmelos. The “take” 
was poor on Murraya paniculata and two 
grafts on Glycosmis pentaphylia were unsuc- 
cessful. 

Experiments With Other Subtropical Fruits 

The data given in table 2 show that the 
veneer-graft method was successful in pro- 
pagating the lychee, jaboticaba white-sapote, 
and the loquat. One hundred percent suc- 
cessful unions were obtained on the white- 
sapote and jaboticaba. 

The common lemon guava which, accord- 
ing to Webber (2), is difficult to propagate, 
failed to show a single successful union out 
of 30 grafts. The grafts were made on the 
main and lateral limbs of large mature trees. 


Summary 


Avocado and mango seedlings in various 
physiological conditions were grafted success- 
fully by the cinchona veneer-graft method 
during winter and spring. Summer and fall 
grafting has not been tried but there is no 
reason to believe that this method can not be 
used successfully during those periods. 
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The orange, jaboticaba, loquat, and white- 
sapote were successfully grafted by the cin- 
chona veneer method. Also orange scions 
were grafted onto a number of citrus rela- 
tives by this method. 

The method was found to be unsuccessful 
in the grafting of the lemon guava. 
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Editor’s Note—The usual veneer-graft has 
been used commercially for mango and loquat 
propagation for over 20 years by the Coral 
Reef Nursery, Homestead, Fla., with fairly 
high percentages of success. 





FLOWER BUD DEVELOPMENT OF 
MANGOS* 


MARGARET J. MUSTARD, University of Miami, Miami 
and S. J. LYNCH, Princeton 


The mango, cultivated for centuries in In- 
dia, has in recent years been grown on a com- 
mercial scale in South and Central Florida. 
Although considerable progress has been 
made in the selection and cultivation of the 
better varieties of this fruit, many problems 
relative to its more successful cultivation are 
yet to be mastered. 

The problem of irregular and scanty bear- 
ing of fruit has received considerable atten- 
tion. In attempts to overcome this problem, 
various methods of checking vegetative 
growth prior to the season of flowering have 
been tested. Such practices as root pruning, 
branch pruning, ringing, and smudging have 
been tried with various degrees of success 
(1). Popenoe (1), who believed that this 
problem was a physiological one connected 
with the nutritional condition of the tree, 
recommended the withholding of water and 
fertilizer from mature trees at certain times 
of the year to encourage floral development. 

The present investigation was undertaken 
to determine the approximate time of the year 
at which floral differentiation and subsequent 
* The work here reported was done while 
the authors were members of the staff of the 
Sub-Tropical Experiment Station, Homestead. 


floral development occur in some mangos of 
South Florida. This information should be of 
value to the grower by indicating the time of 
year at which conditions favoring floral de- 
velopment should be provided to mature 
mango trees. The results of this study, pre- 
sented here in a brief form, will be published 
in greater detail at some future date. 
Materials and Methods 

The terminal buds used in this investiga- 
tion were collected during the past two sea- 
sons from a Haden, a Brooks, a Cambodiana, 
und 2a Turpentine seeding tree located’ in 
south Dade County. Collections were made 
from each of these trees at two-week intervals 
beginning on September 10, 1943, and con- 
tinuing until each tree burst into bloom. The 
following year, collections were started on 
September 23rd, and were continued over a 
similar period. An effort was made to select 
buds which were representative of the aver- 
age stage of development of each tree at the 
time the material was collected. 

The buds were fixed in F, A. A., dehy- 
drated in tertiary butyl alcohol, embedded in 
paraffin, softened in an alcohol-glycerine mix- 
ture, and sectioned at 10 microns. The 
longitudinal sections were mounted and then 
stained with safranin and fast green. 
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Observations 

The following description of floral differen- 
tiation and early development of the mango 
panicle is based upon the study of the longi- 
tudinal sections of the terminal buds referred 
to above. Such a section of an undifferen- 
tiated bud has the appearance of an inverted 
cone with finger-like proturberances, the in- 
ner bud scales, arising from its surface. In 
an undifferentiated bud, there are no pro- 
tuberances in the axils of these inner bud 
scales, Soon, however, the axillary regions 
of some of the buds become the site of origin 
for smaller protuberances which, as will later 
be seen, are the forerunners of the secondary 
axes or rachillae. Sen and Mallik (2) con- 
sidered the appearance of such protuberances 
as a criterion for detecting early floral dif- 
ferentiation. It is apparent from sections of 
buds collected at later dates that these axil- 
lary protuberances would have continued to 
enlarge and eventually given rise to lateral 
structures, the forerunners of the secondary 
bracts. As the season progresses, the ax- 
illary. region of the secondary bracts in turn 
produce small protuberances similar in ap- 
pearance to those produced earlier in the sea- 
son in the axils of the primary bracts. These 
small protuberances apparently proceed to de- 
velop into tertiary axes and ultimately give 
rise to tertiary bracts subtending undeveloped 
flowers. It is apparent throughout the study 
of these buds that various stages of floral de- 
velopment may frequently be found within a 
single bud with the most advanced stages oc- 
curring in the lower secondary axes. 

The early stages of floral development de- 
scribed in the previous paragraph occur be- 
fore the buds begin to open. After opening, 
the subsequent stages in the development of 
the panicle can readily be observed without 
sectioning the material. The opening of the 
primary bracts, the continued elongation of 
the primary and secondary axes, and eventual- 
ly the appearance of the individual flowers 
on the mature panicle are all familiar phe- 
nomena to anyone who has ever been closely 
associated with the cultivation of mangos. It 
seems well, however, to point out some of 
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the differences between the bisexual and the 
staminate flowers which occur in various 
ratios on the same panicle. The bisexual 
flower is similar in appearance to the stami- 
nate flower in so far as the sepals, petals, and 
lobed disk are concerned, but can readily be 
distinguished from the latter by its con- 
spicuous ovary superimposed upon the disk. 
Another distinguishing feature is the place- 
ment of the stamens, which are inserted at 
the base of the ovary in the bisexual flower 
and near the center of the disk in the stamin- 
ate flowers. 

In determining the time of floral differen- 
tiation for these four varieties of mangos, the 
criterion established by Sen and Mallik and 
referred to above was employed. Employing 
this criterion, it was found that in these va- 
rieties floral differentiation begins, for the 
most part, sometime in September or October. 
In the Haden, Cambodiana, and Brooks, floral 
differentiation occurred slightly earlier in 
1943 than in 1944, whereas in the Turpentine 
seedling it occurred at approximately the 
same time both years. The terminal buds 
collected between the time of floral differen- 
tiation and that of opening of the bud scales 
were found to be at various stages floral 
development. 

Discussion 

It became apparent during this study that 
various stages of floral development may oc- 
cur simultaneously on the same tree. This, 
however, is not surprising since some varieties 
are known to develop their panicles progres- 
sively, thus extending their period of bloom 
over several weeks. 

A study of this material showed that floral 
differentiation apparently takes place some- 
time in September or October. Since the 
time of floral differentiation is dependent 
upon a number of factors, it is subject to 
slight variation from year to year. Such va- 
riations were apparent in the terminal buds 
collected from the Haden, Cambodiana, and 
Brooks during two successive years. From 
the time of floral differentiation to that of 
mature panicle production, development seems 
to progress uninterrupted by a period of 
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dormancy such as is common among the de- 
ciduous fruit trees of the North Temperate 
Zone. 

Since it is known that panicles are pro- 
duced at various times of the year in the dif- 
ferent mango producing areas of the world, 
the results of such an investigation as this 
are of value only to a limited area. 
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same subject in 1942-43 by Mr. T. T. Stur- 
rock, as a research problem in the Depart- 
ment of Horticulture at the University of 
Florida, showed floral differentiation already 
begun in Turpentine seedling in early No- 
vember, while it was not clearly shown in 
Haden until early December and in Brooks 
and Mulgoba until January. However, in all 
cases the samples taken early in November 
showed the initial flattening of the growing 
point of the flower buds, which is the fore- 
runner of definite differentiation. It is of 
interest to note that Mulgoba buds showed no 
apparent change of condition between Novem- 
ber 10 and January 10, akhough differentia- 
tion was progressive after it was first clear 
in late January.—H. S. Wolfe. 





THE FLORIDA MANGO FORUM 
OLGA M. KENT, Coconut Grove 


The Florida Home Demonstration program 
of home-produced foods adapted to the sub- 
tropical conditions of Broward County was 
the stimulus for the founding of the Florida 
Mango Forum. From 1934 on, a steady in- 
crease in the population of this county was 
largely made up of northern people coming 
for the first time to the sub-tropics. A big 
home-building program, with attendant ground 
landscaping, accompanied this population in- 
crease. Knowing that the local food supply 
was most apt to be lacking in fruits, the 
Broward County Home Demonstration Office 
waged an information campaign to persuade 
people to use fruit trees and shrubs in land- 
scaping. People were encouraged to plant 
always a fruit-bearing plant rather than just 
an ornamental, and to plant only the best 
known variety of any fruit. 

Due to the ravages of the 1935 hurricane, 
the mango crop was poor in 1936 and 1937, 
and there was little opportunity to create 
interest in what is recognized as one of the 


choicest of tropical fruits. But in 1938 we 
were favored with an old time good mango 
year. Old budded trees produced good crops 
and a thost of young seedlings bore for the 
first time. General interest in mangos was 
high, but general information of the public 
was most hazy. The oft heard remark used 
to describe a mango was, “It isn’t a Haden 
so I guess it’s a Peach.” Occasional trees of 
Mulgoba, Amini and Sandersha found in the 
county were often sadly misnamed. This was 
probably partly due to mixed labels from the 
nursery and partly to the fact that in a long 
interim of poor mango crops the original 
planters had sold the property on which these 
trees stood. 

It was to capitalize on this high interest 
in mangos that year and to locate varieties 
of recognized value from which propagation 
might be done that a public meeting was 
planned. I was the home demonstration agent 
and I went for help to Mrs. Alfred J. Beck, 
a public spirited person who has done much to 
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encourage plant study throughout Broward 
County, and who at that time was president 
of the Fort Lauderdale Garden Club. My 
idea was that we should try to get people to 
exhibit their mangos at a public meeting at 
which we would have a speaker. Mrs. Beck 
said she thought there should be an oppor- 
tunity to ask questions about varieties and 
culture, and for this reason suggested that 
we should call it the Mango Forum. We de- 
cided that it should be held in an easily acces- 
sible downtown location and should be at 
night so that men who were engaged in the 
day time might attend. Mrs. Beck volun- 
teered to find the place and to get some of the 
members of the Fort Lauderdale Garden Club 
to help with the exhibit and the advertising, 
and then returned to opening up her hus- 
band’s drug store. I hurried to the office and 
wrote a plea for help to Dr. H. S. Wolfe, at 
that time horticulturist at the Subtropical 
Experiment Station at Homestead. The idea 
seemed to appeal to Dr. Wolfe who answered 
promptly that he would not only come him- 
self and speak on mangos, but he would also 
bring with him Mrs. W. J. Krome of Home- 
stead, who would identify varieties and gen- 
erally back him up. 


So it was that on a very rainy night, June 24, 
1938, the first Mango Forum took place in the 
porch of the dining room of the Broward Hotel 
in Fort Lauderdale, Lined up along one side 
of the porch were dining tables with the 
mangos of the county. Some were old in- 
troduced varieties, very often wrongly named, 
to be sure; some very interesting seedlings, the 
pride and joy of ther owners. One exhibit of 
Hadens had been sent from the original Haden 
tree by Mrs. Florence P. Haden of Coconut 
Grove. Added to this was a small, correctly 
named group of good quality mangos brought 
from Homestead by Dr. Wolfe and Mrs. Krome. 
Dr. Wolfe also exhibited ripe lychees and the 
Broward County Home Demonstration Office 
showed canned and preserved mangos accom- 
panied by printed instructions for consevva- 
tion. 

Mrs. Beck presided and I introduced the 
speaker. Dr. Wolfe gave an enthusiastic and 


helpful address. The deluge of questions which 
came from the audience at its close fully jus- 
tified the name of “Forum” for the new baby. 

Mrs. Krome took care of the identification 
work of the exhibit and it was a great satis- 
faction to me to have the exhibitor of the 
lovely Aminis assured by an authority that 
they were not Mulgobas, and to have the tag 
“Mulgoba” corrected on the basket of huge 
Sandershas. It seemed almost as though if it 
weren’t a Haden or a Peach it must be a Mul- 
goba! Because there was so much interest in 
the named variety exhibit, it was left in place 
with members of the Fort Lauderdale Garden 
Club acting as hostesses and many people 
visited it. Thus began what we have cause 
to believe has become a useful aid to the de- 
velopment of the mango in Florida. 

The interest aroused by this first venture 
in educating the general public of Broward 
County in mangos held over until the next 
year, when folks began to ask when the Mango 
Forum would be held. But this was the year 
when the Subtropical Experiment Station lost 
Dr. Wolfe to the Horticulture Department of 
the College of Agriculture of the University 
of Florida. With no authority on which to 
call we felt we dared not venture to hold a 
Mango Forum. However, mango enthusiasm 
kept growing and home plantings of mangos 
continued to increase. 

Few people who are Florida growers would 
forget what happened in January, 1940. It 
was this visit of Jack Frost that reminded 
us keenly of the fact that most parts of Flor- 
ida which grow mangos at all are on the mar- 
gin of temperature safety. Temperature as a 
factor to be considered in the raising of man- 
gos emphasized the need of good location and 
showed if any of the Florida seedling varieties 
were more hardy to cold than others. So 
for two years, 1939 for lack of a speaker and 
1940 for lack of mangos, the Mango Forum 
was not held. 

But in 1941 there were mangos again and 
Mr. S. J. Lynch, who had succeeded Dr. Wolfe 
as horticulturist at the Sub-Tropical Experi- 
ment Staton, responded enthusiastically to 
our request for a mango program. The Fort 
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Lauderdale Garden Club, with Mrs. Lucille 
East as president, assisted the Broward Coun- 
ty Home Demonstration Office in sponsoring 
the Mango Forum and the William Morris 
Pest of the American Legion donated the use 
of their auditorium for the event. Branches 
of mangos were used in decorating the audi- 
torium and dozens of seedlings were brought 
in for identification. At this Mango Forum 
Mr. O. R. Zirnstein of Fort Lauderdale en- 
gaged in the first promotional exhibit with a 
large display of his mango, the Zirnstein. He 
also gave samples of the ripe fruit for people 
to taste. 

Mr. Lynch brought with him Dr. George D. 
Ruehle of the Sub-Tropical Experiment Sta- 
tion, and Mr. William Krome of Homestead. 
Dr. Ruehle gave a most helpful outline on what 
was then known of handling diseases and in- 
sects attacking mangos in Florida. Mr. Krome 
assisted in the identification of the mangos 
exhibited. Mr. Lynch spoke on progagation 
and variety characteristics, illustrating his 
talk with samples of the fruits. A_ lively 
question session followed. This Forum was 
attended by more than two hundred people, 
including fifteen who had come from Dade 
County. 

For the third Mango Forum we called on 
the Broward County School Board for assist- 
ance and they lent us the use of the Fort 
Lauderdale Central School Cafeteria. The ex- 
hibit opened in the afternoon and more in- 
teresting seedlings came in. One lady brought 
in a complete exhibit showing the advantages 
in growing seedling trees of removing the 
seed coat from the embryo. A special feature 
accompanying the canned and preserved mango 
exhibit was the distribution of recipe folders 
“The Luxurious Mango” compiled by Miss 
Isabelle S. Thursby and printed by the Florida 
Home Demonstration Office. 

More than two hundred and fifty persons 
filled the room to overflowing to hear the pro- 
gram. It was presided over by Mr. Lynch and 
included a report on the “Non-Fruitfulness 
of the Haden Mango Under Some Conditions,” 
by Dr. T. W. Young of the Lake Alfred Citrus 
Experiment Station, a short resume of mango 


pest and insect problems by Dr. Ruehle and 
an inspiring address on the possibilities of 
mango culture for the southern part of Florida 
by Dr. David Fairchild. Mrs. Krome was pres- 
ent and helped with the inspecting and classi- 
fying of the mango seedling exhibits. 

One serious mistake occured in the conduct 
of this Mango Forum which led to a change 
the following year. Although there had been 
a good attendance at the exhibit in the after 
noon and keen interest had been shown in the 
locally produced mangos, the exhibit of real 
educational value was the one which Dr. Fair- 
child and Mr. Lynch brought with them and 
which could be but poorly exhibited on the 
speakers’ table. Afterwards we realized that 
this was probably the finest and most com- 
plete collection of mangos ever shown in the 
United States. It had been the result of days 
of collecting on the part of Mr. Lynch and 
Dr. Fairchild and represented many counties of 
Florida. Another failure in our system be- 
came apparent, too. The fact that our crowds 
were becoming so large was making the in- 
formal question and answer phase of our pro- 
gram impractical. 


Accordingly, plans for the Fourth Annual 
Mango Forum in 1943 were started well in 
advance, definitely designed to correct these 
difficulties. With Mr. Lynch’s full coopera- 
tion, we planned for a method whereby the 
all-important exhibit would be available to 
the public for a whole day and evening. Then, 
to give a better opportunity for the asking 
of questions, we set up series of four classes. 
Dr. Ruehle taught the class on pests and dis- 
eases; Mr. Lynch gave instruction in culture: 
Mr. John Tower,, also of the Sub-Tropical Ex- 
periment Station staff, gave much sought 
after instruction in mango propagation; and 
Miss Isabelle S. Thursby, Extension Specialist 
in Food Conservation, assisted by Mrs. E. R. 
Bernard and Mrs. Louie Hamilton, demon- 
strated the use and conservation of the mango. 
Classes ran from ten until four o’clock. A 
fee of twenty five cents was charged those 
who attended classes and the 77 people who 
enrolled included visitors from Dade and Palm 
Beach Counties, 
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At 8 o’clock in the auditorium of the Fort 
Laucerdale Central High School, where the 
event was held through the kind cooperation 
of the Broward County School Board, there 
was an evening meeting. Dy. Fairchild gave 
a delightful, thought provoking address which 
called attention to the unlimited possibilities 
Southern Florida has of producing the tropical 
fruit supply of the United States. 

But the all day attraction was the exhibit. 
From the early merning hours when a Palm 
Beach County delegation arrived with an ex- 
hibit of choice seedlings, through the intense 
excitement of waching Dr. Fairchild and Mr. 
Lynch bring out their finds collected from 
all the mango growing areas of Florida, until 
the lights were turned out at half past ten, 
a steady throng of people kept coming. Many 
times a person returned to bring a friend. 
Mrs. W. J. Krome and Mrs. Alfred J. Beck 
assisted Dr. Fairchild in answering questions, 
and 2 mango products exhibit was in charge 
of Mrs. A. Fredericks. More than five hun- 
dred persons saw the exhibit and attended some 
part of the day’s program. Much of the suc- 
cess of the day was due to the splendid or- 
ganization work done by Mrs. B. T. Baker, 
president of the Fort Lauderdale Garden Club, 
and her faithful committee. 


Each of the four years that the Mango Fo- 
rum was a distinctly a Broward County proj- 
ect, it was preceded by an educational cam- 
paign carried on by the County Home Dem- 
enstration Office and the Fort Lauderdale Gar- 
den Club. Excellent cooperation was given by 
the Fort Lauderdale Daily News, the Fort 
Lauderdale Times and the Broward County 
Bureau of the Miami Herald. The local radio 
station, WFTL, also allowed time for a series 
of informative programs put on by the spon- 
soring organizations. But other communities 
became interested and requests came to the 
Sub-Tropical Experiment Station for the 
Mango Forum programs to be repeated in 
other mango growing communities. Now it 
seemed that a simple idea of straightening 
out one community on mango names and 
varieties had developed into a device for 
wider application. 
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So in 1944, when the Tropical Fruit Study 
Club of Palm Beach County, under the lead- 
ership of their able county agent, Mr. M. U. 
Mounts, asked the privilege of sponsoring the 
Fifth Mango Forum, the Fort Lauderdale peo- 
ple acquiesed and sent their child out into the 
world. But now it was known the Florida 
Mango Forum. 

The Fifth Annual! Florida Mango Ferum was 
held in the West Palm Beach High Sckool 
through the courtesy of the Palm Beach County 
School Board on July 6, 1944. A registration 
fee of fifty cents was charged and four classes 
were offered as the previcus year. Dr. Fair- 
child unable to attend, but he sent an 
interesting paper for the general session which 
was read by Mr. Lynch, who again directed 
the insiruection offered in the Mr. 
David Sturrock of West Palm Beach and Sole- 
dad, Cienfuegos, Cuba, gave the class in cul- 
ture and varieties, and Miss Isabelle Thursby 
was assisted by Miss Mildred Johnson, Palm 
Beach County 


was 


classes, 


Assistant Home Demonstration 
Agent, and Mrs. David Sturrock. Otherwise 
the classes and instructors were the same as 
the year before. The difference came in the 
attendance and only a portion of the two hun- 
dred and forty-nine peoople who registered 
could be the class rooms. 
represented in this at- 
tendance and most of the classes provided ex- 
cellent printed material which thus spread the 
latest in mango information over most of the 
mango growing part of Florida. Mrs. Krome 
again assisted with the exhibit. This year it 
was characterized by a large and varied dis- 
play of worthwhile seedlings from Palm Beach 
County which added their color and variety 
to a very complete collection which Mr. Lynch 
had brought from all over the mango region 
of Florida. 


accommodated in 
Eight counties were 


The Sixth Annual Florida Mango Forum is 
being held in Dade County with the Dade 
County Gardeners Association acting as the 
sponsoring organization. The Dade County 
School Board has granted the use of the big 
Miami Edison High School building which will 
insure plenty of space for classes, general 
meetings and an uncrowded exhibit in the big 
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patio. This will be June 27 and will include a 
morning address by Dr. Fairchild, two classes 
which may be chosen from a list of six, and 
an evening program at which Dr. John C. 
Gifford, Professor of Forestry and Conserva- 
tion of the University of Miami, will speak. 
This will permit the exhibit to be open from 
ten o’clock in the morning until ten at night 
and will give everyone some time when he 
can get some part of the program. Two new 
classes appear on the program. One on the 
Nutritive Value of the Mango is to be given 
by Miss Margaret Jean Mustard who is doing 
chemical research on Florida mangos. The 
other new one will be a group discussion on 
Marketing. The leader of this will be Mr. 
Mounts, County Agricultural Agent of Palm 
Beach, and participating on the program will 
be a group of experienced mango shippers of 
Dade County. Thanks to the efforts of Mr. 
Michael Fascell, chairman of the Forum com- 
mittee from the Dade County Gardeners As- 
sociation, the Florida Mango Forum of 1945 
promises to be the most complete in its scope 
of any yet held. 

The Florida Mango Forum has provided a 
common meeting ground for the technical ex- 
pert, the amateur back yard grower and the 
commercial producer where they may pool their 
knowledge and enthusiasm for the develop- 
ment of mango growing. The purpose is to 
hold it in different mango sections each year 
so that all parts of the mango producing sec- 
tion of the state may benefit from its pro- 
gram. As yet, it has formed no organization, 
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being dependent onthe Sub-Tropical Experi- 
ment Station for instruction and on some local 
group for the details of sponsorship of each 
year’s meeting. 

Several communities, namely Miami, West 
Palm Beach and Hollywood, have taken up the 
idea and in simple or elaborate degree are es- 
tablishing some sort of regular local mango ex- 
hibits and programs. This proves the roman- 
tic appeal of the King of Fruits and will con- 
tribute to the spread of information leading 
to the growing of more and better mangos for 
the ever increasing population of South Flor- 
ida. The appreciation of the worth of the 
Florida seedling has led to the recognition of 
several varieties which promise to lengthen 
the mango season at both its ends. Since 
mango as an industry depends on the Florida 
seedling rather than the imported varieties, 
these prized exhibits of excellent seedling fruit 
take on a new meaning when submitted to the 
acid test of careful scoring by experts. In 
them the commercial grower looks for earlier 
and later varieties to lengthen the season, 
good color and aroma for sales appeal, and 
excellent shipping qualities. The average 
home fruit grower can afford to be more dis- 
cerning when it comes to satisfying his own 
personal taste for deliciousness of flavor. To 
him the Florida Mango Forum and the local 
mango exhibits crystallize a little of the gen- 
eral mango madness of enthusiasts into prom- 
ise of more and longer mango eating pleasure 
and increases his joy of living in the sub- 
tropics of these United States. 
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MANGOS AND GUAVAS AS SOURCES 
OF ASCORBIC ACID* 


MARGARET J. MUSTARD 


University of Miami, Miami 


The food shortages resulting from the pres- 
ent war have focused considerable attention 
upon the vitamin content of fruits and vege- 
tables. Not only is greater emphasis being 
placed upon the more complete utilization of 
the recognized sources of these vitamins but 
every effort is also being made to find addi- 
tional sources to supplement the present lim- 
ited supply. 

Guavas and mangos are among the tropical 
fruits which have recently gained recognition 
as valuable sources of ascorbic acid. Wadding- 
ton and Cist (3) found that some of the com- 
mon guavas (Psidium guajava L,) grown in 
central Florida contain on an average 564 mg. 
of ascorbic acid per 100 gms. of fruit. Some 
Hawaiian-grown mangos (Mangifera_ indica 
L.) were found by Miller and her associates 
(1) to contain as high as 114 mg. per 100 gms. 
of fruit. 

In view of the increasing demands for addi- 
tional information concerning sources of this 
vitamin, it was decided to undertake an in- 
vestigation of the ascorbic acid content of 
some of the other guavas and mangos grown 
in Florida. The present paper is a brief sum- 
mary of a portion of this investigation. 

Some of the mangos used in this study were 
collected in Dade County, some in Palm Beach 
and Broward counties, and others in Lee and 
Manatee counties. The guavas were all col- 
lected from a single block of trees growing 
at the Sub-Tropical Experiment Station, 
Homestead, Florida. 


Since it has been demonstrated repeatedly 
in the past that ascorbic acid is not uniformly 
distributed throughout individual fruits and 

* The work here reported was carried out 
while the author was on the staff of the Sub- 
Tropical Experiment Station, Homestead. 


vgeetables, preliminary investigations were 
made to determine the manner of distribution 
within these fruits. As a result of these in- 
vestigations, it was decided that a representa- 
tive sample of a mango would consist of a 
25-gram sample composed of two longitudinal 
sections, one taken from each side of the fruit. 
Similarly, it was decided that each sample of 
a guava would consist of a longitudinal slice 
extending from stem to blossom-end of the 
fruit and including the skin, outer flesh, and 
central portion with seeds. Due to the wide 
variation in the ascorbic acid content of dif- 
ferent guavas, it was necessary to use various 
sized samples ranging from 5 to 25 grams. 
The colorimetric method used for the analyses 
of these fruit has previously been described 
in detail by the author (2). In a few cases, 
however, due to the high concentration of 
ascorbic acid in some of the guavas it was 
necessary to use smaller aliquots of the ex- 
tract than is recommended in this procedure. 

Five mature mangos of each variety were 
picked when they were fully mature but be- 
fore they had begun to soften. After these 
fruit had been allowed to ripen at room tem- 
perature, their ascorbic acid content was de- 
termined. The varieties, sources, number of 
analyses, and ascorbic acid content of these 
various mangos are shown in Table 1. 

The data show that the ascorbic acid con- 
tent of mangos of southern Florida cover a 
wide range. Among the higher variety aver- 
ages obtained were 107.4 mg. per 100 gm. of 
fruit for Number 11 and 103.8 for White Lan- 
gra; among the lower value were 88 for 
Apple and 9.0 for Fragrance. It is evident 
that some of our more popular mangos are not 
among those having the highest ascorbic acid 
content. 

The ascorbic acid contents of a number of 
firm-ripe guavas representing various species, 
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TABLE 1. ASCORBIC ACID CONTENT OF SOME FLORIDA-GROWN MANGOS. 





No. of Ascorbie Acid Content 
Variety Source Analyses (mg./100gm.) 
Average Range 
Samini West Palm Beach 5 25.6 23.1- 26.5 
Edward West Palm Beach 5 57.4 50.9- 61.9 
Amini Homestead 5 24.2 22.5- 24.7 
Itamaraca Homestead 5 64.9 54.5- 76.0 
Julie Coconut Grove 5 52.0 48.0- 58.2 
Simmonds West Palm Beach 5 28.5 25.0- 31.0 
Fascell Homestead 5 36.4 31.0- 41.5 
Zill Delray Beach 5 14.8 12.3- 16.4 
Cecil Homestead 5 44.3 39.4- 48.4 
Sumatra Homestead 5 25.4 20.0- 31.1 
Mulgoba Homestead 5 27.9 24.6- 31.8 
No. 11 Homestead 5 107.4 102.5-114.2 
No. 11 Bradenton 5 87.1 68.0- 99.5 
Red Cecil He mestead 5 20.5 18.0- 21.9 
Apple Homestead 5 8.8 6.5- 11.4 
Apple Pine Island 5 9.0 7.6- 10.5 
Buena Vista Homestead 5 29.0 25.5- 33.5 
Fragrance Naples 3 9.0 5.4- 11.0 
Adams No. 1 Pine Island 5 12.7 10.6- 14.9 
Harris Coconut Grove 5 38.2 31.9- 43.8 
Springfels West Palm Beach 5 22.7 14.0- 35.1 
Lambha Bhadra Coconut Grove 5 16.9 14.5- 19.0 
Langra Benarsi Homestead 5 14.3 13.6- 16.0 
Bennett Homestead 5 50.9 46.5- 61.0 
Ameeri Homestead 5 36.5 32.0- 39.5 
Gibbons Homestead 5 122 63.5- 79.8 
White Langra Homestead 5 103.8 81.7-119.7 
Borsha Homestead 5 21.6 17.5- 28.5 
Seedling 4-1 (Sub- Homestead 
Trop. Exp. Sta.) 5 22.3 20.4- 27.0 
Sandersha Homestead 5 13.4 11.8- 15.1 
Lathrop Homestead 5 30.6 27.0- 33.4 
Kent Ceconut Grove 5 21.0 15.0- 23.0 








TABLE 2. THE ASCORBIC ACID CONTENT OF SOME FLORIDA-GROWN GUAVAS. 











No. of Ascorbic Acid Content 
Tree Designation Color of Flesh analyses (mg./100gm.) 
Average Range 
Min Max. 
Indian 
Psidium guajava L 
Red Indian 22-11* Ruby red to carmine 8 195.7 170.0 212.4 
White Indian 24-10 White 5 111.0 77.6 147.4 
Pink Indian 2342-10 Red 5 177.6 157.6 195.6 
Indian 21%-10 Light yellow 1 142.4 142.4 142.4 
Indian 23-11 Yellow-white 5 129.5 89.0 153.6 
Indian 22-10 Yellow-white 4 100.2 88.0 115.2 
Indian grafted 14-10% Deep red 5 127.0 101.2 152.0 
Indian grafted 13%-10% Deep red 6 120.1 107.4 130.0 
California Varieties 
Eloina 1614-11% Yellow-white 3 26.2 16.2 40.0 
Riverside 15%-10 White 5 104.0 95.4 110.4 
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Redland 
Original seedlings White to light pink 5 24.7 22.5 26.0 
Grafted 13%-11 White 1 24.6 24.6 24.6 
Grafted 14%-11 White 1 23.1 33.4 23.1 
Undescribed Seedlings and Grafted Trees 
Seedling 10-26 Red 5 119.2 95.0 147.4 
Choice grafted 18-11 Ruby red 5 100.3 7.4 112.4 
Stone grafted 134-10 Deep pink 5 143.0 124.2 167.2 
Stone grafted 17%-10% Deep pink 4 229.5 187.0 255.0 
Stone grafted 17'2-10 Deep pink 1 252.4 252.4 252.4 
Seedling 16-10 Salmon pink 5 281.3 259.3 320.7 
Seedling 15%-11% Pink & yellow mottled 5 338.3 279.0 387.3 
Fuchs grafted (s.)f 
17%-11% Pink & yellow mottled 2 161.2 152.4 170.0 
Seedling 16-11 Pink & yellow mottled 5 481.3 436.6 531.3 
Seedling 21-10 Pink & yellow mottled 5 217.6 167.4 280.0 
Seedling 17-12 Yellow-white 5 52.7 44.2 62.4 
Seedling 13-11% Yellow-white 5 107.0 94.4 125.4 
Fuchs grafted (1.)+ 
17%-11% Yellow-white 5 41.5 25.0 73.8 
Fuchs grafted 18-11% Yellow-white 1 88.0 88.0 88.0 
Seedling 15-11 Yellow-white 5 486.0 408.3 525.0 
Seedling 17-11 Yellow-white 5 35.0 26.0 47.4 
Seedling 13-10% Yellow-white 5 93.4 73.8 125.2 
Lenz grafted 17-10% Yellow-white 6 29.4 20.0 44.0 
Hybrid 21-12 Yellow-white 4 305.7 253.2 359.2 
Donaldson grafted or root- 
sprout(?) 24-11 Yellow-white 5 31.8 25.2 37.4 
Supreme grafted 13%-12 White 5 246.9 181.6 284.6 
Seedling 13-11 White 5 334.2 295.7 375.0 
Psidium araca Raddi 
Tree 842-12 Yellow-white 5 37.2 30.0 45.2 
Psidium guineense Sw. 
Tree 24-11% Yellow-white 5 27.3 15.0 37.4 
Tree 23-11% Yellow-white 2 40.5 37.4 43.6 
Psidium coriaceum Mart.t 
Composite sample from 
several trees Yellow-white 5 36.1 33.8 37.7 
Psidium cujavillus Burm. f. 
Tree 1210 Yellow-white 1 32.4 32.4 32.4 
Psidium littorale Raddi 
Red Cattley 
Tree 26%-11% Yellow-white 5 29.1 26.1 $1.6 
Yellow Cattley 
Composite sample from 
several trees Light yellow 5 89.2 35.0 43.4 





*Numbers indicate tree and row in grove plot. 
+Letters(s.) and (1.) are used to indicate two separate grafts on one tree. 
tThe identity of this group of trees is questionable. 
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seedlings, and seedling races are presented 
in Table 2. 

It is evident from the results in Table 2 that 
most of the P. guajava contain considerably 
more ascorbic acid than did the other species 
of guava tested. The grafted P. guajava re- 
ferred to in this table as Stone, Fuchs, Lenz, 
etc., all originated as selected seedlings and 
were grafted onto P. guajava rootstock. The 
ascorbic acid content of these various guavas 
ranges from 486.0 mg. per 100 gms. for Seed- 
ling 15-11 to 23.1 mg. for a grafted Redland. 
No correlation between flesh color and ascor- 
bic acid content apparent among the 
guavas tested. 


was 


The results of this and other investigations 
show that mangos and guavas are both ex- 
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cellent sources of ascorbic acid. Since these 
fruits mature at periods of the year when the 
supply of other fruit containing ascorbic acid 
is limited, they may eventually gain favor as 
sources of this vitamin. 
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SOURCE OF SUPPLY OF SUB-TROPICAL 
FRUITS FOR THE HOME GARDEN— 
THE WEAK LINK IN THE 
FRUIT CHAIN 


MRS. FRANK WALMSLEY, St. Petersburg 


It was, I believe, Richard Whittington, in 
the old English tale, who took his cat to Lon- 
don to see the King. I think I know a little 
of how tabby felt before royalty. When Mr. 
Logan asked me if I would be willing to come 
to the Krome Memorial Institute and speak 
on the subtropical fruits in the home garden, 
I said “What could I say that they would care 
to hear?” He has known of my great interest 
in this subject for years; your members think, 
talk and work with plants, the kind of people 
I like; I have many friends among your group 
—so here I am. 

Before starting on my subject I do want 
to tell you of a most interesting place to which 
Mr. J. H. Logan, our County Agent, recently 
took us and at his suggestion I am telling 
you of it. This is the largest Orchid Range 


on the Florida West Coast, as well as an out- 
standing Camellia and Gardenia collection. 

Nine years ago Mr. Lucius Ruder, now Col- 
onel, purchased a house and lot in Bellaire, 
just south of Clearwater, and engaged a young 
horticulturist, Frank Lichleiter. In the nine 
ensuing years Lichleiter has developed for 
Col. Ruder a show place of beauty and inter- 
est, with camellia plants, many being centen- 
arians, gardenias in the scores rioting in bloom 
at our visit, the Gardens a delight in land- 
scaping. 

Mr. Lichleiter showed us thru a large glass- 
house of orchids, Cattleya species and hybrids 
in the thousands, seedlings and grading thru 
to specimens with hundreds more in other 
species out under lath. The smaller original 
glasshouse was mainly Phalenopsis in mar- 
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vellous bloom, at the end of which was a third 
large glasshouse under construction. Outside 
were many fascinating experiments in cut- 
flowers. We saw huge beds of single dahlias 
of dazzling beauty as well as many other 
items of horticultural interest. 

By way of introduction, I am a home gar- 
dener and have been the Chairman of Hor- 
ticulture in our St. Petersburg Garden Club 
for as long as there has been that office, a 
dozen years. 

The first things we were interested in, on 
arrival in Florida just twenty years ago, was 
in planting as many different fruits as we 
could, as we had done in our northern garden, 
fruit trees and many tropical small fruits. I 
eagerly hung on the written words of the 
great fruit men and their work and advice: 
Dr. David Fairchild and his prolific pen, Dr. 
Wilson Popenoe, Edward Simmonds, Dr. Wal- 
ter Swingle, the man for whom this Krome 
Memorial Institute has been named, Mr. S. 
J. Lynch, and Dr. H. S. Wolfe, to name a few 
of those who have pioneered the way in the 
state for fruit. 

I soon found that wanting these small fruits 
was one thing, finding them in nurseries was 
another. Looking at the fruits we have on 
our place today brings back memories of the 
unceasing efforts to find one thing after an- 
other. I obtained seeds in whatever channel 
possible; friends travelling might send seeds 
from California or Mexico or South Florida. 
So, in our little backyard garden I raised all 
these seeds and gave little plants to fruit- 
minded persons who I knew would care for 
the babies. I have a mania for seeds and find 
it most difficult to turn down any offer of 
them. I find that it has been a liberal educa- 
tion, as one never knows the plant completely 
until he knows the entire life cycle. Then Dr. 
Fairchild made it possible for me to obtain 
seeds from the Harvard Botanic Garden, in 
Cienfeugos, Cuba, and until the war broke 
and shipping conditions became hazardous I 
obtained seeds from there, raised little piants 
and distributed them as well as some unusual 
ornamentals. On our own place the soil is 
just plain white ‘sugar sand’ with low water 
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table, so there were many of the fruits we 
could not hope to grow and I gave them to 
people who had more congenial grounds. 

Freezes would come and catch little plants 
ere they were old enough to withstand the 
cold, even tho protected, winds and storms did 
their share of devastation, and then it was 
necessary to start over again. Vicissitudes 
we always have with us, but we must keep 
on trying. 

My feeling is that there are few ornament- 
als that exceed in sheer beauty many of 
the dual purpose plants. Consider the rose- 
apple in flower and new foliage, tho the un- 
sightly sooty mold in many areas makes it 
less attractive. The downy myrtle, Rhodomyr- 
tus tomentosa, is a thing of beauty in its four 
or five month season of bloom followed by a 
bounteous burden of downy purple fruits so 
delicious in jelly and ade. Governors-plum, 
Flacourita indica, is more beautiful in foliage 
than any purely ornamental, and we are thrilled 
to have a few little plums set on our bushes, 
replaced since the ’40 freeze. The Jambolan 
or Java-plum, Eugenia cumini, is a tree of 
peerless beauty, highly resistent to cold and 
wind—our tree, about 15 ft. high, has not 
fruited yet in the three years we have had 
it, but we are watching this spring and hoping. 
I remember hearing Dr. Wolfe tell our Garden 
Ciub that it was his favorite smallfruit. The 
foliage of the Ketembilla or Ceylon-goose- 
berry is far more beautiful than that of the 
duranta, and far easier to keep in prime con- 


dition. What a wonderful crop it does carry 
for our Thanksgiving cranberry sauce and 
jellies. The sister Kei-apple does not take 


so well to our light soil and has never even 
blossomed. We have five or more bushes and 
still have hope as there are several fruiting 
bushes in this locality and how delicious jelly 
from it is. The carambola does well here and 
bears, coming up again after the freeze of 
740; it is lovely thing and we are now cherish- 
ing a sweet form. The lingaro, Elaeagnus 
philippinensis, I read about in Dr. Fairchild’s 
writings and in the Yearbook of Agriculture 
in ’28 I believe. I longed for it and tried 
again and again to. grow it from Cuban seeds, 
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but by the time they were picked and shipped 
to me, too long a time had elapsed and none 
would germinate. Finally fresh seed was re- 
ceived from Miami in the fruit and two plants 
came from the Fairchild Garden—such riches 
all at once, so a number are now growing 
around town. 

The Malay jujube does very well with us, 
bearing several times a year, and its silver- 
lined leaves make it a lovely subject always. 
We are proudly nursing Lucuma salicifolia, 
the large form of the beauteous eggfruit or 
canistel. Garcinia livingstoni, too, is coming 
along. We have two Antidesmas, A buinus 
and A. platyphylla; this latter flowered and set 
last spring, but something bit off the one fruit 
stem. These are hardy with us, even platy- 
phylla coming up well after the ’40 freeze. 
Many other small-fruits besides are being tried 
out. 

The pen of the Dean of Fruit Introducers 
also instilled in me a deep longing for two 
other fruits, one being Eugenia dombeyi, the 
grumichama of Brazil. Seeds would germinate 
and grow, to my delight, and when about six 
inches high would stand still and slowly dry 
up. Two years ago Dr. Wolfe told our Gar- 
den Club that he had raised hundreds of seed- 
lings of this fruit and had usually had the 
came experience. We are most pleased, there- 
fore, to have a lusty young plant of an im- 
proved type growing vigorously. The other 
longed-for fruit is the Jaboticaba, and it is 
still longed for. The tiny, slow growing seed- 
lings should have been planted in my youth. 
Winter Haven means to me the noted Jaboti- 
caba tree of Mr. Ford DeHaven and I sin- 
cerely hope that it may be my privilege to 
see this tree; if in fruit, my pleasure will be 
trebled. 

I tried again and again to grow Muntingia 
calabura, but could not handle the micro- 
seopic seeds. A year ago I obtained a 12-inch 
seedling and it is today standing four feet 
high and full of little berries. 

Guava—poor despised fruit—what a battered 
existence it has led. Like Topsy, it has most- 
ly just growed. It is gradually, with much 
educational effort on the part of a few peo- 
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ple, coming into more appreciation. It is 
a wonderfully varied and delightful fruit, if 
one gets good strains. Seedlings are so often 
with too many seeds and granulated flesh that 
it prejudices people against guavas and they 
miss one of the finest of our fruits. There are 
a number of us here who are collecting as 
many different species and varieties as possi- 
ble. In one Tampa nursery there is a man 
who has a fine guava collection. 

I have taken a great deal of pleasure in 
helping people who ask me about planting, 
in advising the use of dual purpose borders, 
using small trees, as the Loquat, Sapodilla 
and Canistel, and using the many small fruits 
in bush form for beauty of foliage and form, 
and for flowers followed by fruits for poten- 
tial jellies, jams and ades or for eating un- 
cooked. There are a number of these hedges 
around, now, of which I am proud. 

It is not enough to grow the plants; one has 
to know how to use the fruits and teach others 
to do so, for the misuse of many things can 
turn people against a fruit with a prejudice 
hard, indeed, to overcome. I have a cake recipe 
that is truly a Florida cake. I can guava 
sauce for that purpose. I use preserved lo- 
quats or raisins and canned citron—one or two 
put up each summer is ample for the year— 
adding plenty of ginger and spice. This cake 
has converted many a one to guavas. Some 
people say there is no good use for rose-apples, 
but have you ever tried slicing the crisp, frag- 
rant fruit over a fruit salad? It always evokes 
expressions of pleasure. 

I believe it is the duty of Garden Clubs, and 
have practised what TI preach, to bring before 
the public not only lovely flowers on shrub, 
tree and vine, but even more the fruits, which 
should have first consideration. The use of 
the dual purpose plant urged and specimens 
shown—then the question comes, “Where can 
1 get these?” There are a few people who read 
and try to find plants on their own initiative, 
but the great majority need to be shown the 
plant to want it. Once a month at the Garden 
Club meetings I give a short Horticulture talk, 
showing specimens of current bloom, giving its 
name, common and botanical, with some 





Westgate — Mealybug Wilt of Pineapples in South Florida 
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Figure 1. Pineapple mealybug colony below the ground level on a pineapple plant. 








Burgis and Wolfe — Do Avocado Roots Develop Root-Hairs? 





Fig. 1. Root Tips of Avocado Growing in Peat. (Magnification 3x.) 
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points of its requirements and lore. I always 
give the unusual fruits precedence and dis- 
tribute seeds and cuttings where possible. 

In summer a small group of us meet, and 
many of our informal gatherings are devoted 
to fruits, tasting and comparing and discuss- 
ing the wondrous new types of mangos and 
many other fruits as they ripen. New limes 
we compare with older varieties; the guavas, 
canistels and so on; each time the cry is 
“Where can I get this?” 

Four years ago Mr. S. J. Lynch, who has 
been a willing and kindly help to us on this 
fruit question, gave me the names of a few 
nurseries where I might be able to obtain 
young plants of the new fruit introductions 
of the Sub-Tropical Station, I wrote to all and 
to others of which I had heard, but in vain; 
the material just had not been propagated. 
I have tried to make it my business as Hor- 
ticulture Chairman to be able to tell people 
where they might be able to find these fruits 
in good variety and budded or grafted. Our 
local nurseries do not handle the unusual 
fruits; they say there isno demand and I fully 
understand that they cannot grow what is not 
saleable. But I do know that the demand is 
there if it is only stimulated. Their wares 
must be shown to the public; the nurseries do 
it with ornamentals. 

There are a few growers in the state who are 
really fruit minded. It is to these 
that we owe the few small-fruits at present 
available. The little Market Bulletin has been, 
really, our life saver in obtaining small fruits. 
There is a man across the bay in Manatee 
County, Fernandez Gilliam, who has such an 
intense love of these fruits and desire to spread 
them that he has given away literally thou- 
sands of small plants, tho he is growing for 
sale. Several times he has sent me half-bushel 
baskets to take to our summer meetings, where 
the great interest in tasting and seeing new 
and better things did a good lot of advertising 
for him. The past two summers Mr. Michael 
Fascell sent me a box of assorted types of ripe 
mangos, and what a thrill that was to our fruit 
group. Everyone who tasted and who had a 
place to grow a tree wanted one of these. In 


growers 
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our yard we have a Fascell mango, two years 
in the ground, which at this moment is hang¢- 
ing loaded with gorgeous fruit. We also have 
a fine young tree of the Simmonds mango— 
we ate one and we simply had to have it. Qur 
area seems well suited to mangos and my hus- 
band and I wish that we were twenty-five 
years younger so that we would start a grove 
of fine mangos for different seasons. 


I am thankful to live at this wonderful time 
and see the vital interest swelling like a tidal 
wave that is filling the Home Gardens with 
fine new varieties of mangos, avacodos, white- 
sapotes, loquats, lychees and the multitude 
of small fruits. It is one of the good things 
hastened by the war. We see the intense 
interest in and desire for these in our fruit 
exhibits at the flower and 
hand. 





shows on every 

Last summer a carload of fruit-minded per- 
sons had the great pleasure of visiting the 
wonderful fruit collection and lychee orchards 
of Col. Wm. R. Grove at Laurel. Lychees were 
in their prime and how we revelled in them. 


His wealth of all kinds of fruit and orna- 
mentals gave us memories to treasure as 
lone as we live. It was there we tasted our 
first muntingias as well as many things we 
had never even read about. 

The layman owes a debt of gratitude to 
Mr. A. Hl. Andrews and his American Eagle 


for bringing to us knowledge of horticultural 
and happenings, particularly about 
the fruits. 


interest 


For the Home Gardener my plea is for more 
ef the nurseries to grow the small fruits 
mangos, avocados and 





citrus are in good 


hands—-then let the publie know what you 
have. Team up with the garden club in your 
locality and get everyone fruit conscious; 


they are waiting and eager for it , in fact they 
are hunting for it. This is the weak link in 
the fruit chain; let’s strengthen the link 
more small-fruits in the nurseries so there 
may be more fruit in the home gurdens and 
more fruit, so needed in our climate, on the 
tables of our state, for pleasure and profit to 
all. 
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MEALYBUG WILT OF PINEAPPLES IN 
SOUTH FLORIDA 


PHILIP J. WESTGATE 
Sub-Tropical Experiment Station, Homestead 


The pineapple mealybug, Pseudococcus brev- 
ipes (Cockerell) is a practically universal pest 
of the pineapple plant wherever grown, and 
Florida is no exception. The pineapple mealy- 
bug is the causal organism of mealybug wilt 
of pineapples. (1) 

As early as 1779 (2), (3), Speechly in his 
“Treatise on the Culture of the Pineapple,” 
described as pests of the pineapple two scale 
and what appears to have been the 
pineapple mealybug, a “white mealy crimson- 
tinged insect.’’ His description of wilt caused 
by these is quite vivid. Speechly’s 
control measures were interesting, if not al- 
ways practical. “Oil or spirits of wine will 
certainly destroy these insects instantly, but 
the misfortune is, if either of them is applied 
in large quantities, they instantly destroy the 
’ $Speechly rec- 
ommended pouring a gallon of boiling water 
over a pound of quicksilver until enough of 
the very dilute solution of mercury in water 
was obtained to act as a means of very effec- 
tively destroying the insect pests of the pine- 
apple plant. The getting of oil to incorporate 
effectively with water seemed an insurmount- 
able difficulty to him. 

Illingworth (1), working in the Hawaiian 
Islands, discovered that where ants carried 
mealybugs from wilting pineapple plants to 
healthy pineapple plants, quick wilt resulted. 
In 1929 Johnson (1) started tests on the inocu- 
lation of healthy plants with mealybugs from 
wilted plants, and produced quick wilt in two 
or three months time, thus confirming Iling- 
worth’s results. More recently, Carter (4), 
(5) has done extensive work on the mealybug 
wilt of pineapples at the Pineapple Research 
Institute, Honolulu, Hawaii. 

On November 21, 1944, the writer sent a 
colony of mealybugs on a stump of a wilted 
pineapple from Homestead to Mr. G. B. Mer- 


insects 


insects 


plants as well as the insects.’ 


rill, Entomologist, State Plant Board, Gaines- 
ville, Florida, who identified the insects as 
Pseudococcus brevipes (Ckll.). This insect, 
commonly called the pineapple mealybug, is 
the same species which causes mealybug wilt 
of pineapples in the Hawaiian Islands. 

On November 7, 1944, the writer, planted 
healthy pineapple tops in five-gallon crocks 
containing peat at the Sub-Tropical Experi- 
ment Station. On November 21, 1944, colpnies 
of mealybugs and ants from wild pineapple 
plants were placed next to the plants in two 
of the four crocks, but not in the other two. 
The crocks were supported on legs standing 
in oil to keep the mealybugs and ants from 
moving from one plant to another. Three 
months later the two pineapple plants with 
the mealybugs showed definite symptoms of 
wilt, including the drying of the tips of the 
leaves, loss of green color, and spotting of the 
foliage, whereas the plants without mealybugs 
were healthy and normal. 

In field plots at the Sub-Tropical Experiment 
Station pineapple plants treated with a hand- 
ful of tobacco dust or stems every couple of 
months remained healthy and green, whereas 
adjacent plants not treated with tobacco at- 
tracted colonies of ants and mealybugs, and 
subsequently wilted. In some cases wilted 
plants showed large colonies of mealybugs at- 
tended by ants (Figure 1). In other cases 
wilted plants showed signs that the mealybugs 
had been transferred to nearby untreated pine- 
apple plants, which in turn developed the typi- 
cal symptoms of wilt. (Figure 2). 

As early as 1808 Griffin (6) recommended 
tobacco, among other things, for the control 
of pineapple insects. In addition to the in- 
secticidal value of tobacco, the nutritional re- 
sponse to tobacco dust or stems is quite 
marked. Tobacco dust and stems ordinarily 
contain approximately 2% ammonia and 6% 
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potash, and in addition numerous plant nutri- 
ents in smaller amounts. Tobacco leaves have 
been reported to contain from 70 to 115 p. p. m. 
of total iron. Soil analyses, made by the 
writer, of acid sandy soils north of Miami 
which have been mulched with tobacco stems 
show that the soil reaction under the tobacco 
stems was pH 4.50 in comparison to pH 5.50 
where the pineapples were not mulched. The 
nitrate nitrogen (N) of the soil mulched with 
tobacco stems was between 45 and 79 parts 
per million in comparison to only 7 to 22 
p. p. m. of nitrate nitrogen where the plants 
had not been muched. 

A handful of tobacco dust in the heart of 
a chlorotic pineapple plant growing on alka- 
line soils at Homestead will produce a green- 
ing of the leaves within a few days. Just 
what constituent, or constituents, of the to- 
bacco plant material produces the response 
has not been determined. In the case of lime- 
induced chlorosis of pineapples on alkaline 
soils of south Florida, a 1% solution of iron 
sulfate sprayed as a fine mist on the plants 
wil! cause the plants to become green within 
a few days. This chlorosis, probably caused 
by excess lime, and the resulting alkaline re- 
action, of the soils in the Homestead region, 
is entirely separate from mealybug wilt. In 
the case of the chlorosis the leaves turn yel- 
low but remain turgid, whereas in plants with 
mealybug wilt, the leaves are flaccid and usual- 
ly turn various shades of red. As has been 
pointed out by Carter (4), the evidence points 
to a non-living toxic insect secretion as the 
causal agent of mealybug wilt. 

Johnson (1) reported in 1935 that wilt has 
been a very serious trouble in Florida and 
one of the chief causes threatening extinction 
of the industry in that state. Earlier workers 
have considered wilt in Florida to be caused 
by everything from a root-inhabiting Fusa- 
rium-like fungus to the root-knot nematode. 
In Hawaii, as soon as mealybug control was 
known to be the essential factor, rapid prog- 
ress was made in reducing quick wilt, and the 
possibilities of biological control were explored. 
The use of oil emulsions containing between 
1 and 2% of oil applied by high pressure spray- 


ers was found to control the mealybug wilt of 
pineapples and became the standard commer- 
cial practice. 

At the Sub-Tropical Experiment Station 
pineapple plots, the beds mulched with sawdust 
were the first to go down with mealybug wilt. 
On pulling up the wiiied and wilting plants, 
large colonies of mealybugs and ants were 
found on the stumps below the surface of the 
sawdust where it was difficult, if not impossi- 
ble, to reach them with an insecticide. At 
present a mulch of black roofing paper (15 
Ibs. per sq. ft.), adapted after the standard 
commercial practice used in the Hawaiian Is- 
lands, is giving excellent pineapple plant 
growth in comparison to unmulched plots. Ap- 
proximately 1500 pounds per acre of a com- 
plete fertilizer (4-7-5) was applied to the soil, 
the mulching paper laid down, and edges of 
the paper covered with soil. The pineapple 
plants were planted at 18 to 24-inch intervals 
through the paper. A handful of tobaceo dust 
in the heart of each plant, and a small handful 
ot sulphate of amimonia at the base of the 
plant every two months has kept the plants 
growing. ‘The overhead sprinkling system has 
also heiped in this long dry spell. By using 
this combination of cultural methods, excellent 
pineapple plants of several varieties are being 
grown even on this alkaline soil of the Red- 
lands near Homestead. 

Ants and mealybugs are discouraged from 
feeding on pineapple plants by tobacco dust or 
tobacco stems in the heart of the plants, or 
tobacco stems as a mulch on the soil. After 
several months the protective action of the to- 
bacco may be dissipated, and the mealybugs 
and ants will move to a plant even though pre- 
vieusly treated. Tests are under way using 
tobacco dust, tobacco stems, oil sprays (such 
as 1 volume of Florida Volck to 60 or 70 vol- 
umes of water), and various concentrations of 
DDT both as dust and sprays. As it may 
take several months for a pineapple plant to 
wilt after mealybugs are placed on it, it is 
still too early to judge the result of these va- 
rious methods of control. 

It appears to the writer that the pineapple 
industry in Florida has two major problems 
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with which to contend. These hazards are 
low temperatures and mealybug wilt, as has 
previously been stated by Radebaugh (7) and 
Winchester (8). During the occasional frosts 
and freezes the pineapple plants may be pro- 
tected by covering, by grove heaters or by a 
water sprinkling system. Mealybug wilt of 
pineapples should be recognized by all growers 
and controlled. Oil emulsion sprays applied by 
high pressure spray machines can be used on 
larger plantings, but for the small home plant- 
ing the use of tobacco products would be more 
convenient. 

Another promising angle to this problem of 
mealybug wilt is the observation that certain 
varieties of pineapples are more resistant than 
others to this wilt. The Smooth Cayenne has 
been reported to be very susceptible, whereas 
the Spanish is more resistant. A new pine- 
apple which has recently been introduced into 
Florida from Eleuthera in the Bahama Islands 
appears to be even more resistent than the 
Spanish, but not immune, to mealybug wilt. 
This is important, since in most of the pine- 
apple plantings which the writer has seen in 
south and central Florida, mealybug wilt was 
in evidence unless preventitive measures were 
being taken. More often than not, the symp- 
toms were not recognized as such by the grow- 
ers. Most pineapple varieties prefer an acid 
soil, but this pineapple from Eleuthera, which 
has many characteristics of the Pernambuco, 
is doing well on alkaline soils. 
tant, since the 


This is impor- 
soils of the southern tip of 
Florida and the frost-free Florida Keys are 
alkaline. 

In 1910 there were 5,000 acres of pineap- 
ples in the state of Florida, whereas today 
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there are probably less than 200 acres. If the 
symptoms of mealybug wilt are recognized by 
the growers and control measures are taken 
for both wilt and low temperatures, there is, 
in the writer’s opinion, a good chance of the 
pineapple industry in Florida increasing at 
least to the point of supplying the demand for 
plant-ripened pineapples. 
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DO AVOCADO ROOTS DEVELOP 
ROOT-HAIRS? 


D. S. BURGIS and H. S. WOLFE 


University of Florida, Gainesville 


In the great majority of vascular plants, 
the absorbing area of the rocts is tremendously 
increased by the development of root-hars im- 
mediately back of the area of elongation near 
the root tip. For many years it was believed 
that the roots of citrus trees do not develop 
root-hairs, but recent investigations have 
shown this belief to be erroneous, although 
root-hairs develop more abundantly under cer- 
tain conditions than under others and may 
sometimes fail to develop at all. 

No report could be found in the literature 
on the presence or absence of root-hairs in the 
avocado. Writers who had occasion to refer 
to avocado roots usually assumed that root- 
hairs were present, as in nearly all other trees, 
but no one actually reported any study or ob- 
servation on the matter. For this reason the 
present study was undertaken. We have 
failed to find any root-hair development in 
the avocado, either under natural or under 
artificial environmental conditions for root 
growth. 

It is well known that the abundance of root- 
hair development on plant roots decreases 
markedly as the medium in which they are 
growing becomes higher in water content. 
Many plants which develop root-hairs in soil 
fail to develop them when grown in water. 
On the other hand, saturated air seems to be 
a very favorable environment for development 
of root-hairs. Good aeration seems to be a 
requisite for good root-hair formation. 

In the series of tests here reported, avocado 
roots were allowed to develop in five different 
environments: 1) water, 2) humid air, 3) sand, 
4) peatmoss, and 5) sand-peat mixture (equal 
parts). The humid air condition was pro- 
vided by keeping the liquid level several inches 


below the seeds, so that the upper portion of 
the root system was in humid air, the lower 
portion in water. 

Seeds were first germinated in a mixture 
of sand and peat, and when the taproot was 
about 5 inches long, each seedling was trans- 
ferred to a 2-liter jar containing the medium. 
Seedlings grown in water and in moist air were 
supported by placing the seed on a piece of 
board on top of the jar, the roots going down 
through a hole slightly smaller than the seed 
diameter. Seedlings grown in sand, peat and 
a sand-peat mixture were transplanted to the 
medium with the seed resting on the surface. 
Glass museum jars were used for the fluid 
media, and glazed crocks with a drainage hole 
for the solid media. 

A duplicate set of cultures was run in which 
a nutrient solution was supplied instead of tap 
water. This solution consisted of 6.47 g. su- 
perphosphate (20%) and 10.23 g. nitrate of 
potash dissolved in 400 cc. of water. Of this 
stock solution, 3 cc. was added every two weeks 
to the various cultures, except that only 1% 
cc. was supplied the moist-air jar because it 
contained only half the amount of water which 
was in the water jar. It was necessary to cover 
all the glass jars with black paper in order to 
prevent growth of algae. 

Examination of the roots was made at bi- 
weekly intervals for five months, removing 
small portions from the solid media and ex- 
amining roots in the fluid media through the 
walls of the glass jars. No root-hairs were 
found in any case, using a binocular micro- 
scope magnifying 8 diameters. As a further 
test, a root tip was placed between glass 
slides under the pressure of rubber bands and 
allowed to grow in the peat medium thus for 
three weeks. It has been reported that pres- 
sure of this sort is one factor in inducing 
root-hair development, but none developed in 
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this test, although the root tip continued to 
grow vigorously. Indeed, root growth was 
good under all the test conditions here em- 
ployed. 

Roots were also examined of trees growing 
in tubs in the greenhouse in a sandy loam soil, 
and of trees of large size growing out-of-doors 
in a Norfolk fine sand. Repeated examination 
failed to discover any root-hairs on these root 
tips. 

The avocado forms in soil a much branched 
system of secondary roots, each rootlet having 


a white tip about 2 mm. long. A brown peri- 
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derm covers the portions of the rootlet older 
than this white tip. It is evident that absorp- 
tion of water and nutrients is dependent on 
the ramification of this root system so as to 
provide a maximum amount of these absorb- 
ing tips, since no reot-hair system is developed 
to increase absorbing area in the usual way. 
Figure 1 shows a portion of the root system 
developed in peat where the porous nature of 
the medium gives ideal conditions for root- 
hair development. Several tips are clearly 
visible, magnified about 3 times, but nothing 
resembling root hairs. 





THE RAMON TREE OF YUCATAN 


(Brosinium aiiastrum) 


DAVID FAIRCHILD, Coconut Grove 


Mrs. Fairchild and I spent a few days with 
the Sylvanus Morleys in Merida last Novem- 
ber. Their life work on the Maya ruins of 
Yucatan has made them well known 
the archaeologists of the world. 

As we entered their “finea”, “Chen Ku” 
(Nest in the Well), I noticed that the place 
was filled with picturesque dark green trees, 
tall and irregular in shape like the pop! 
Holland for example. “What trees are these, 
Sylvanus?” I inquired. “They are ramen 
trees and the only plants on the finea out of 
which we make any money. They form what 
the Yucatecans call a “ramonal” and in the 
dry season there come out frem Merida the -o 
called “ramoneros” who climb the ramon trees 
and with their machetes cut off mest of the 
branches and cart them to town where they 
form one of the important sources of fodder 
for the mules and horses and cattle. We 
about 40 cents for the branches from a -cin- 
gle ramon tree. Since the trees cost us neth 
ing to keep and we have three hundred or ¢o9, 
we make a little money from them.” 

There came back to me, when he <aid thi-, 
a remark made by by friend O. F. Cook mzny 


among 


years ago, shortly after his trip into Peten 
where he found the pretty palm, Opsiandra 
maya. The muleteer who was taking him in- 
to the wilds of that inhospitable country fed 
lis mules on the branches of the ramon tree 
nd when Ceck teld him he had never seen 
the tree before, he remarked incredulously, 

-“No tiene ramon en su pais?” ‘You don’t 
ramon trees in your country?’) 
Somehow ocr other this innocent remark 

tuck in my memory and I determined some 

day to see this ramon tree which Cook’s mul-- 
teer thought he should have in his country. 
Brosimum alicastrum is its name and it has 

verel relatives, one of which is the “Milk 
Tree” of Venezuela, B. galactodendron, tho 
juice or latex of which is sweet and is 
drunk by the natives like cow’s milk. 

I knew that there was a tree of this species 
in the Plant Introduction Garden at Chapman 
Pield. I thought I recalled a plant of it which 
grew from some seed brought in by my cld 
friend G. N. Collins in 1913 from Merida and 
which withstood the great freeze of 1917 at 
our cld Buena Vista Garden, being killed back 
but not killed out by a temperature of 25 F. 


’ 
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But it is one thing to have an isolated tree 
or two of an important economic plant in ones 
garden and quite another to be surrounded by 
the same species and see the people using it 
and censidering it as a tree of value. It is 
true that Collins had strongly recommended 
it in one of the characteristic notes which he 
generally attached to any seeds he sent in. 

I cannot refrain from quoting him here. 
“34876 S. P. I. Ramon. Seeds from the Hos- 
pital Grounds, Merida, Mexico. A small tree 
common in northern Yucatan, the branches of 
which are the principal fodder during the dry 
season. All kinds of animals seem to eat the 
leaves freely. The plant is strictly tropical 
and I do not know that it could be grown any- 
where in the United States, but it was so ex- 
tensively used and seemed to afford such ex- 
cellent forage in the dry regions of Merida 
that it might be worth while to give it a 
trial.” 

Here we were in the finca of an old friend 
of Cook and Collins where at the moment, 
even, a ramonero was climbing one of the 
ramon trees and slashing off the leafy 
branches which were falling thick and fast to 
the greund below. With my camera I worked 
fast on the man, for it was the first time 
since I was in Morocco among the Argan trees 
that I had been where the leaves of a tree 
formed an important part of the food of do- 
mestic animals. There it was the goats that 
clambered into the trees and fed on the leaves 
and small branches; here it was men with 
machetes who climbed up into the branches 
and harvested them for the stock. 

There was still another feature of the 
scene. I had just been in the Orient and 
watched the toddy and sugar-sap gatherers 
climb every day tall sugar palms, in order to 
tap the flower clusters and gather the sap 
that flowed from them, and I had wondered 
at the ease with which those Orientals climb. 
Here, almost at my door so to speak, were 
men just as agile and as accustomed to climb- 
ing trees as the Orientals; whereas in the 
United States I do not recall seeing grown 
men in trees except to prune them, or at fruit 
picking time when the fruits are beyond the 
reach of long pickers. Dr. Swingle has often 
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complained that the returns from his date 
erchard are limited by the inability or disin- 


clination of men or boys to climb his 60-foot 
palms to pick the fruits. 

I would like to have spent more time with 
the ramoneros who climbed the ramon trees 
in the ramonals and took the green branches 
to market loaded on carts and trolley cars and 
even on the tops of busses, but it was not pos- 
sible then. Should some of the obvious prob- 
lems of this forage tree be worked out through 
plantings in Florida, a detailed study of the 
chemical and other dietetic factors of its use 
would be in order. 

As we drove through the city of Merida, a 
town comparable in size to Miami, we saw 
that some of the principal avenues were shad- 
ed by rows of ramon trees which cast a deep 
shade and whose very dark green leaves make 
it in a way suggest the India laurel (Ficus 
retusa) over which it has one advantage, that 
it does not send down aerial roots or send 
up suckers to raise the cement sidewalks or 
interfere with the roadway. ! 

The “Paseo de Montejo,” a kilometer and a 
half long, is lined with ramons and the broad 
sidewalk which parallels the street is shaded 
by them. I was told these were 35 years old 
and that once a year the ramoneros come and 
prune them, not heavily as they do Mr. Mor- 
ley’s trees, which would make them unsuited 
for shade trees, but lightly and carefully so 
as to keep their symmetry. And instead of 
being hired to trim the trees they pay for the 
branches a considerable sum of money—just 
how much I did not discover. 

As I was taking photographs of the avenue 
a one-horse cart passed, loaded down with 
ramon branches which the driver informed 
me he was taking to sell in the market an! 
where he expected to get 30 pesos or about 
$6.00. When we returned to Mr. Morley’s finca 
the ramonero had a wagon load of the branches 
and the mule was browsing on the load, while 
cattle straying on the highway were eagerly 
picking up the fragments of leaves and twigs 
which had fallen beside his wagon. 

Upen returning to Florida I visited the ra- 
mons at the U. S. Plant Introduction Garden 
and was amazed to find how beautiful the old 
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tree planted in a pot hole has become. It is 
now 50 feet or so high, with superb, drooping 
branches which reach the ground and make 
of it a very beautiful specimen. A smaller 
one in the rocks had grown slowly and perhaps 
this indicates that the tree needs deeper soil 
than our rocky reefs. 

On the ground lay many seeds, some already 
eprouting, but so farasI could find they are 
not appreciated by anyone, although the rec- 
erds in the Plant Inventories indicate that the 
seeds contain considerable quantities of starch 
and in Jamaica are called “bread nuts 
are roasted and eaten. 

It may be wondered by members of the 
Horticultural Society why I have gone out of 
my way to say so much about a tree, the 
commetcial possibilities of which appear so 
remote. But it doesn’t seem long ago to nic 
that I gathered the seeds of a tree which grew 
on the road from the Kasr el Nil bridge over 
the Nile to the Great Pyramids of Ghiza in 
Egypt, which had no more to recommend it 
than the ramon. This was the Albizzia lebbek, 
now in South Florida that I am 
sure the casual visitor thinks it is a native. 
Many of my lady friends complain they do 
net like it. Is this because its dry pods make 
a rattling noise when the wind blows and has 


” 


and 


so common 
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wen for it the name of the “Woman’s Tongue 
Tree?” I wonder. There is evidence that this 
habit of producing abundant pods can be con- 
trolled by severely pruning back the branches 
of the tree once a year. 

Should there be some member of the Society 
who would like to investigate this ramon tree 
and its relatives further,I may add from the 
literature that according to Engler and Prantl 
there are 8 species of Brosimum. This B. ali- 
castrum occurs wild in Mexico, Yucatan 
(a Mexican peninsula) and Jamaica. Brosimum 
aubletii from Trinidad, the Guianss and North- 
ern Brazil yields one of the hardest cabinet 
woods, and the Cow Tree or Milk tree already 
mentioned, B. galactodendron, also yields from 
its latex a kind of wax called Galactin, used 
in candle making. According to Wiesner “Die 
Rehstoffe des Pflanzenreiches”, p. 2018, this 
Cow-iree wax, obtained by cooking the latex, 
is somewhat translucent, can be kneaded and 
is remarkably like beeswax. Candles made of 
it burn with a bright flame. 

It belongs to the Moraceae, that large fami- 
ly to which the mulberry, the cultivated fig, 
the bread fruit and jak fruit, and the immense 
genus of Ficus belongs, or at least it has been 
so assigned by botanists. Sometime perhaps 
the Brosimums will be studied more closely 
by the horticulturists. 





RHODESIAN MAHOGANY PRODUCES VIABLE 
SEED IN SOUTH FLORIDA 


PHILIP J. WESTGATE 
Sub-Tropical Experiment Station, Homestead 


Nine Rhodesian mahogany seedlings (Khaya 
nyasica Stapf.) are growing in a pot at the 
Sub-Tropical Experiment Station, Homestead, 
Florida. These seedlings grew from thirteen 
seeds which came from one capsule collecte} 
by Mr. Alec Korsakff from a mahogany tree 
planted about 1925 in the Miami City Ceme- 


tery, 1800 N. E. 2nd Ave., Miami, Florida. The 
Flerida-grown seed was collected on March 28, 
1945, at which time there were several cap- 
sules on the mother tree, in addition to a new 
crop of blossoms. This first seed produced 29 
years after planting in Florida checks very 
well with a statement of Dr. W. L. Thompsen 
(1) that the trees of this species were about 


Westgate — Rhodesian Mahogany Produces Viable Seeds 
In South Florida 
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Figure 1. — Khaya nyasica seedlings grown from seed produced in Florida 











Westgate — Mealybug Wilt of Pineapples in South Florida 





Figure 2. Pineapple plants at the Suo-Tropical Experiment Station nine months 
old growing on alkaline soil. Plants No. 1 and No. 5 from the left received 
tobacco dust. The wilted plants, No. 2, 3, and 4 did not receive 
tobacco dust. All plants in the picture were 
planted at the same time. 
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20 years of age before they bloomed in North- 
ern Rhodesia, Africa. 

The mother mahogany tree in Miami, which 
is approximately 20 years old, probably came 
from one of Dr. W. L. Thompson’s numerous 
introductions of Khaya nyasica seed from Mt. 
Silinda, Southern Rhodesia, the earliest intro- 
duction being received in 1902 (1). This tree 
in the Miami City Cemetery most likely came 
from Plant Introduction No. 59293 of Dr. 
Thempson’s which arrived in Washington, D. 
C., April 19, 1924. 

The Khaya nyasica plantings among Carib- 
bean pine at the Sub-Tropical Experiment Sta- 
tion (2) continue to show promise, as well as 
plantings at the Dade County nursery on Red 
Read, Coconut Grove, Miami, Florida. More 


recent plantings of this Rhodesian mahogany 
in southern and south central parts of Florida 
show that young seedlings of this species have 
survived frosts, hurricanes, and dry weather 
when planted in hammocks, but have not been 
able to fare for themselves under exposed 
conditions in the epen. If these trees can sur- 
vive and reproduce themselves under South 
Florida conditions, as at least one tree has 
done to date, there may well be possibilities 
ior this new tree cron in this hemisphere, 

1. Lynch, S. J., and H. S. Wolfe. Khaya 
nyasica, a new mahogany for South Florida. 
Proc. Florida State Hort. Soc. 55:113-116, 1942. 

2. Lynch, S. J., and H. S. Wolfe. Future 
may see mahogany forests in Florida. Florida 
Grower, August, 1942. 





NEW DISEASE-RESISTANT ROOTSTOCES 
URGENTLY NEEDED BY CITRUS 
GROWERS 


WALTER T. SWINGLE 
Collaborator, U. S. Department of Agriculture, Consultant 
in Tropical Botany, University of Miami 


Just why should we be concerned about 
getting more citrus rootstocks? We already 
use sour orange, sweet orange, rough lemon, 
trifoliate orange and Cleopatra mandarin, and 
more recently hybrid stocks such as citranges 
(trifoliate orange x sweet orange) and tan- 
gelos (orange x grapefruit). These stocks 
have all been sufficiently studied so that 
growers know what each type of stock is fit- 
ted for. Commercially grown nursery stock 
is practically limited to these varieties for 
rootstocks. 

The chief reason for the sudden interest in 
new rootstocks is the complete eclipse of sour 
stock in some regions. This has been the case 
since the beginning of this century in South 
Africa where it was found impossible to grow 
sweet orange on any strain of sour stock. In 


the island of Java sour orange has for many 
years been given up completely as a rootstock. 
jn 1930 a destructive disease (now called Tris- 
teza*) of oranges and mandarins broke out 
in Argentina. It spread with great rapidity 
and in a few years reached the great navel 
orange groves of the State of Sao Paulo, in 
southern Brazil, killing all trees grafted on 
sour orange. These groves are now being de- 


*Webber, H. J., The “Tristeza” Disease of 
Sour-Orange Rootstocks, in Proceedings Amer. 
Soc. Hort. Sci., 43: 160-168. Nov. 1943. (Dis- 
tributed Jan. 1944.) First description in Eng- 
lish. Named Tristeza by Moreira, Sylvio. Ob- 
servacoes sobre a “Tristeza” dos Citrus, ou 
“Podridao das radicelas”. O Biologico 8: 269- 
272. Oct. 1942. 
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veloped again on rough lemon rootstocks. 

Very recently a new disease of citrus has 
come to light in California. This disease has 
spread rather slowly for the past five or six 
years but within the last twelve months has 
suddenly attracted attention because, like the 
Tristeza of South America, it kills only trees 
on sour stock. This trouble, now called Quick 
Decline, does not so far as known attack lemon 
on sour stock, in this respect resembling Tris- 
teza. However, Quick Decline does not seem 
to be identical with Tristeza; it certainly 
spreads more slowly, kills the trees more slow- 
ly and has somewhat different symptoms. The 
root of the sour orange is apparently starved 
in both Tristeza and Quick Decline by the 
failure of food material to pass from scion to 
stock. The stopping point is apparently near 
the graft union. 

Very recently a somewhat analagous root- 
scion disharmony has come to light in Western 
China. Dr. Wen-Tsai Chang, Professor of 
Pomology at the University of Nanking at 
Chengtu, has been making field investigations 
in citriculture in Szechuan Province. He found 
sweet oranges were there propagated almost 
entirely from seed. Some of the seedlings 
produced very high quality fruit and he at- 
tempted to propagate these superior strains by 
grafting them on pummelo rootstocks (like 
our shaddeck). The pummelo is a very vigor- 
ous tree and considered an excellent rootstock 
in eastern China. In West China, much to his 
surprise, Dr. Chang found that these seedling 
strains grafted on pummelo began to decline 
and none of them grew into healthy fruiting 
trees. As yet little is known as to this strange 
behaviour. The same strains of sweet orange 
grafted on sweet orange roots grew very well. 

With such insidious new citrus diseases ap- 
pearing in many parts of the world it becomes 
necessary to initiate and carry out carefully 
actual tests of as many rootstocks as can pos- 
sibly be obtained in order to be prepared to 
rebuild citrus plantations on new rootstocks 
which have proved to be adapted to the va- 
riety of citrus fruit grown and to the local 
soil and climate conditions. 

This is not a discussion of plant pathology 
but I do want to call attention to the increas- 
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ing danger that rootstock troubles may arise 
in regions that have previously been free from 
them. In South Africa and South America 
orange, grapefruit and tangerine grown on 
sour orange died but the plantings have 
been replaced promptly by the same varieties 
grown on rough lemon and sweet orange. In 
some soils this latter stock suffers from gum- 
mosis. In California all three stocks—sour 
orange, sweet orange and rough lemon—are 
commonly used and if the trees suffer on one 
they can be grafted on another of the known 
stocks. In some localities, however, the sour 
orange stock seems to be far the best known. 
In the Lower Rio Grande Valley in Texas it 
is practically the only rootstock used. The 
10ugh lemon rootstock came into disrepute in 
many parts of Florida during the boom of the 
Temple orange since this variety often does 
very poorly on this stock. If it should sud- 
denly become necessary to substitute rough 
lemon for sour orange rootstock because of 
Quick Decline or some other rootstock trouble, 
many Florida orange and grapefruit growers 
would probably refuse to use rough lemon 
100t stock because of their unfortunate ex- 
perience with the Temple orange. In the Gulf 
Coast region it is well known to all growers 
that sour orange rootstock does not support 
the Satsuma orange or the kumquats. 


It is important for citrus growers to be 
given as promptly as possible information as 
to stocks adapted to all localities so that if 
any new rootstock trouble does appear they 
will know promptly what stocks are best for 
replacement. It is quite possible that State 
and Federal Experiment Stations might be 
able to work out techniques for replacement 
of roststocks that are beginning to fail. 

One sometimes sees in Florida old sweet 
orange trees, formerly on sweet orange stock, 
that had been so severely attacked by gum- 
mosis as to be in danger of dying, but were 
saved by approach grafting them with several 
vigorous young sour orange seedlings. In 
some cases the old sweet orange root has died 
out completely, leaving the tree supported 
only by the sour orange approach grafts. This 
technique in reverse is likely to be tested im- 
mediately in California where sweet orange on 
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scur stock in the early stages of Quick Decline 
will be approach-grafted with sweet orange 
or rough lemon seedlings, both immune to 
Quick Decline. 

Citrus growers and Experiment Stations 
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so they could be planted some distance from 
the sick tree, to avoid competition from the 
still living roots of the sour orange rootstock. 
Such special provisional interplants need act 
be particularly well adapted to nourish bearing 





TABLE 1. CHRONOLOGIC LIST OF THE GiNERA OF CITRUS FRUIT TREES AND 
WILD RELATIVES OF THE TRIBE AURANTIOIDEAE. 





Date No. of Ne. of 

G g H Names of genera estab- sp. in sp. in % in 
lished world USGA. U.S.A. 
G H Citrus L. 1753 16 11 68.7 
G Clausena Burm. 1768 23 1 2 
G Murraya Koen. 1771 11 2 19.2 
Triphasia Lour. 1790 3 1 33.3 

g Aegle Corr. 1800 1 1 100 

G Feronia Corr. 1800 1 1 100 
G Atalantia Corr. 1805 11 3 27.3 
Glycosmis Corr. 1805 35 1 2.3 

Micromelum Blume 1825 9 0 0 
Luvunga Buch.-Ham. 1831 12 1 8.3 

G Poncirus Raf. 1838 1 1 100 
G (7?) Paramignya Wight 1840 15 1 6.6 
G Severinia Ten. 1840 6 2 33.3 

G Hesperethusa Roem. 1846 1 1 100 

G Merope Roem. 1846 1 1 190 

Oxanthera Montr. 1860 4 0 0 

zg Balsamocitrus Stapf. 1906 1 1 100 

g Aeglopsis Swing. 1912 2 1 50 
G Fercniella Swing. 1913 3 2 66.7 
G Citropsis Swing. & M. Kell. 1914 11 2 18.2 

G H Eremocitrus Swing. 1914 1 1 100 

g Afraegle Engl. 1915 4 2 50 

G H Fortunella Swing. 1915 4 3 95 
G H Microcitrus Swing. 1915 6 4 66.7 

Wenzelia Merr. 1915 9 0 0 

Pamburus Swing. 1916 i 1 100 

Pleiospermium Swing. 1916 5 0 0 

Merrillia Swing. 1918 1 1 100 

G Swinglea Merr. 1927 1 1 100 

Monanthocitrus Tan. 1928 1 0 0 

Burkillanthus Swing. 1939 1 0 0 

Clymenia Swing. 1939 1 0 0 

Limnocitrus Swing. 1940 1 0 0 





G—-Can serve as root stock for Citrus or closely related genera 
H—Hybridizes with Citrus or closely related genera 
g—Can serve as root stock for Bael-fruit (Aegle marmelos) 


in citrus growing regions would do well to 
consider the possibility of making temporary 
use of extremely vigorous rootstocks for in- 
arching trees that begin to show symptoms of 
Quick Decline, of Tristeza, or of other similar 
diseases. Seedlings for inarching would need 
to be two to three years old and tall enough 


citrus trees. Their function would be to main- 
tain the sick tree while the affected sour stock 
is dying. After the sour orange root has be- 
gun to die it would be easy to plant and es- 
tablish root stocks known to be well adapted 
to the soil and variety alongside the recuper- 
ating tree and use them as permanent ap- 
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proach grafts. Although this system would 
be expensive it might easily prove to be cheap- 
er than losing outright splendid trees bearing 
10-25 boxes of fruit annually. Naturally 
such a recuperating tree would have to be 
pruned back and not fruited while the double 
approach graft was in process. 

In view of this situation let us consider the 
prospect of securing new rootstocks adapted 
to all the different types of soil now planted 
to citrus fruits in our citrus-growing states. 

In May, 1943, I read a paper before the 
Krome Institute of the Florida Horticultural 
Society at the Winter Haven meeting and in- 
cluded a census of the citrus fruits of the 
world and their wild relatives. None of these 
plants are native in the New World but they 
are widely distributed in the Old World from 
western tropical Africa through southeastern 
Asia to the East Indian Archipelago, the 
Philippines, New Guinea, New Caledonia and 
Australia. This census included 33 genera and 
203 species. A check of these relatives shows 
(Table 1) the number of genera and species 
that have been introduced into the United 
States, and also the results of test grafts and 
hybridization. This table is arranged chrono- 
logically in the order of the discovery of the 
genera from 1755 up to 1940. Although less 
than 76° of the genera and only 21.7% of the 
species have been grown so far in the New 
World, citrus has been grafted successfully 
on no fewer than 16 genera. The reverse 
graft has also been made. 

Of the 16 genera established before 1900, 
all but 2 have been introduced into the U.S.A. 
Of the 17 genera named after 1900, 7 have not 
vet been introduced into the United States. 
Of the 24 genera so far tested, 16 (2/3) will 
take Citrus grafts and 4 more will take Bael- 
fruit (Aegle) grafts. Of the 9 genera not yet 
tested, probably 5 will take citrus grafts and 
ene will take Bael-fruit graft. Intergeneric 
hybrids with Citrus have been made between 
4 cf the 24 genera now in the United States, 
but probably will be made with at least 2 or 
38 more genera not yet introduced. 

A special study is now in progress under 
my direction at the University of Miami on 
the anatomical characters of all the citrus 
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relatives in order to determine their relation- 
ships. Some 250,000 serial microtome sections 
were made in the Bureau of Plant Industry of 
the U. S. Department of Agriculture and 100,- 
000 at the University of Miami. These are 
all under study and recent discoveries have 
thrown important light on the close relation- 
ship of many members of the orange subfami- 
ly which have not yet been introduced into 
the New World. 

In 1897 I made among other hybrids a cross 
between the trifoliate orange and the sweet 
orange. The 11 sister hybrids (citranges) 
grown from the seeds of a single fruit of this 
cross showed considerable diversity in leaf 
character and very striking diversity in the 
fruit characters. One of these hybrids, the 
Morton, has large, round, smooth, orange-col- 
ored fruits; another, the Coleman, has de- 
pressed-globose, yellow, fuzzy-hairy fruits; 
the Willits has a large percentage of fingered 
fruits; the Rustic often has double fruits, a 
smaller fruit growing on top of a larger one, 
and the calyx is often enlarged; the Phelps 
has large, subglobose, reddish orange-colored 
fruit with very bitter juice; while the Saun- 
ders has small, light-orange colored fruits with 
seareely a trace of bitter in the juice; and the 
Senford also has small fruits, ripening early. 
The number of segments varies greatly in 
these sister hybrids; the Savage has often as 
few as 8, the Morton from 9 to 138, and the 
large-fruited Coleman from 10 to 14. The 
Phelps and the Sanford produce numerous sec- 
ond generation citranges or “segentranges” 
which develop from fertilized true embryos 
while some others, like the Morton, are sterile 
unless cross pollinated with citrus pollen (es- 
pecially seedy grapefruit) and then produce 
only nucellar-bud embryos which reproduce 
the mether parent exactly. 

These nucellar bud embryos are of great im- 
portance for use as rootstocks for two reasons: 
(1) they are completely free from virus dis- 
eases (even if the mother tree is infected) and 
also from minor virus ailments too mild to be 
recognized as diseases, but which, neverthe- 
less, reduce the energy and fruitfulness of the 
tree; (2) they reproduce exactly the original 
hybrid as in case of the two outstanding, well- 


. i 2 i, 


ll- 
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tested hybrid stocks (Morton citrange and 
Sampson tangelo), so that a whole grove can 
be planted to trees grafted on identical stocks, 
not propagated from cuttings but grown from 
seed so they develop a rootsystem with a tap- 
root and laterals, preferred by nurserymen. 

Curiously enough it is very difficult to se- 
cure viable hybrids between kumquats (For- 
tunella) and the trifoliate orange (Poncirus), 
while it is easy to secure trigeneric ones by 
crossing kumquats with citranges, hybrids of 
sweet oranges and the trifoliate. These hy- 
brids are called citrangequats and are often 
more vigorous and fruitful than hybrids be- 
tween citranges and grapefruits, although the 
grapefruit is a much more vigorous grower 
than any true kumquat. 

Complex hybrid rootstocks can be expected 
to produce vigorous rootstocks for citrus fruit 
trees. In my chapter, “The Botany of Citrus 
and its wild relatives” (published in Webber 
and Batchelor, “The Citrus Industry”, Univ. 
of Calif. Press, 1943, page 355, fig. 55) there 
is a diagram which shows the large number of 
intergeneric hybrids already known. Many of 
these hybrids show much promise and merit 
immediate testing as rootstocks for our prin- 
cipal citrus fruit trees. In this same chapter 
the numerous hybrids shown in the diagram 
are discussed under the parental species. 


In testing new or little-used stocks for citrus 
fruit trees it will at first be necessary to make 
a future-delivery contract between nursery- 
man and grower, with an advance payment 
from the grower. Such a contract would pro- 
tect the nurseryman and encourage him to 
grow new rootstocks. 

Two years ago, at the fifty-sixth meeting of 
the Florida State Horticultural Society at Win- 
ter Haven, I told the Krome Institute the 
thrilling experience I had had fifty years be- 
fcre when at the sixth annual meeting of this 
Society at Pensacola many of the leading 
orange growers (there were no grapefruit 
growers then) got up and warmly approved a 
proposal I made to organize a non-profit com- 
pany to import citrus varieties and citrus wild 
relatives from their Asiastic and East Indian 
homes. The great freeze of December, 1894, 
and February, 1895, killed most of the orange 
trees in Florida and made it impossible to 
carry this project through. 

I hope that the orange and grapefruit grow- 
ers of today will again approve the program 
I have briefly sketched and urge their repre- 
sentatives, both local and federal, to request 
legislation to make possible the prompt intro- 
duction into this country and the speedy test 
as rootstocks of all the citrus species and their 
wild relatives in order to protect the future 
prosperity of our most valuable tree crop. 





PERSONAL RECOLLECTIONS OF GEORGE B. 
CELLON, HORTICULTURAL PIONEER 
OF SOUTH FLORIDA 


DAVID FAIRCHILD 


Whenever the drama of the avocado and the 
mango in America is written, as it should be 
some day, the name of George B. Cellon will 
take a prominent place in the beginning chap- 
ters. I am not a historian and am incapable 
of writing with strict historical and chronologi- 


eal accuracy about the role which he played 
in the early days of these two growing indus- 
tries of South Florida. I was out of the coun- 
try much of the time when the things happened 
which give his life the spectacular character 
which I have always associated with it. Fat 
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certain memories and charming, amusing in- 
cidents come to me now that his life has come 
to a quiet end, which will interest the younger 
members of the Krome Institute. I trust in 
reciting them I shall not arouse any of the 
unpleasant recollections associated with his 
somewhat sarcastic and amusing characteriza- 
tions of some of those who came into competi- 
tion with him in those early days. For my 
own associations with him were always of the 
pleasantest nature, even though some of his 
positive statements trampled on my toes or 
hit me squarely in the face. He talked frank- 
ly and expressed his opinions sarcastically and 
dramatically. 

I think it was in 1912 that I first met him. 
I had sent in from East Africa in 1902 what 
I supposed were scions of a very good mango 
which Mr. Lathrop had taken me down the 
East Coast of Africa to get. We had eaten 
the fruit but when it came to getting the scions 
had discovered that we would have to charter 
a boat and go to the island of Chiloane after 
them. The American Consular agent, a Mr. 
Glenny, had offered to get the scions for us 
and mail them and we had let him do it. He 
had sent budsticks an inch or more in diameter 
und I had been much surprised to learn 
through Mr. Simmonds, then in charge of the 
little garden on Brickell Avenue, that Cellon 
had succeeded in getting one of the buds to 
take. I had suggested that the variety be 
named after Mr. Lathrop and naturally was 
very keen to see Cellon and learn how this 
variety which had been named after my friend 
was growing. 

It was ten years since the budwood had 
arrived and I was prepared to see some good 
sizel trees of the Lathrop on Cellons place. 
He had been quite strict about letting visitors 
into his nursery, for they wanted to learn how 
he had been so signally successful in the bud- 
ding of mangos and avocados when they had 
had so many failures, and since he made his 
living from the sale of his budded plants I felt 
that he had a right to his secrets although 
many thought otherwise then. 

It was with some considerable hestitation 
therefore that I went to see him. When I 
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introduced myself he said; “So you are Mr. 
Fairchild, the fellow who sent me the Lathrop 
mango, are you? Well, I want to tell you 
that it isn’t worth a damn.I took you at your 
word, that it was a superior mango, and went 
ahead and made over all these trees which 
you see about you here to the Lathrop. But 
when it fruited it turned out to be a good for 
nothing green thing that isn’t eatable, let alone 
commercial. So I made over the whole lot 
again to the Haden mango, that new, brilliant 
red variety which is now the only commercial 
variety and am propagating it exclusively now. 
What you see now are trees with a sandwich 
of Lathrop and tops of the Haden, the first 
large trees ever top-worked to the Haden va- 
riety. Someone of your fancy friends played 
a trick on you, Fairchild.” 

That I was taken aback would be putting it 
mildly. I could not say anything for it was 
evident that Glenny must have taken scions 
from the wrong tree. But I could understand 
Cellon’s disappointmen: and chagrin to have 
been let down by an Agricultural Explorer 
in this way and as soon as I got my breath 
I apologized profuseiy and explained the situa- 
tion. I never did get from Glenny an explana- 
tion. But I have in fruit now one of the dis- 
graced Lathrop mangos and every year enjoy 
its unique flavor, for although it is probably 
the worst looking little mango ever produced, 
it is late and of a different character from any 
other I have seen in South Florida. I even 
have some seedlings of it to experiment with. 

After this spectacular introduction to George 
Cellon we became good friends and every time 
I came to Florida I went to see him, for his 
was by far the best handled and largest col- 
lection of mangos and avocados outside that 
of the collections at the Birckell Avenue 
Garden and the Krome collections at Home- 
stead, then a day’s journey away. 


I believe Cellon was the first to conduct a 
mango nursery on strictly modern lines, bud- 
ding his seedlings, which he grew in boxes, 
and getting a large proportion of his buds to 
take. Woodrow as late as 1899 in his “Gar- 
dening in India” described at length the meth- 
ods of top-working seedling trees by grafting 
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and inarching, but used the marcotte method 
in his own garden operations. He gives credit 
to the Portugese for first noting the great 
diversity of quality of the seedling mangos 
and of applying the art of grafting to propo- 
gate the superior kinds. It was in his garden 
in Poona that I saw his grafters at work in- 
arching potted seedlings to a Borsha mango 
tree in 1902. These inarched mangos were 
very different from the clean, slender, budded 
plants which Cellon put on the market when 
he started his drive with the Haden mango 
in the ’teens. 


I have no idea how many of his budded 
Haden mango plants he sold, and in my conver- 
sations with him he never boasted much about 
them, but I think that there were a good many 
hundreds if not thousands which found their 
way out into the hands of private growers and 
played a significant part in the start of the 
Haden mango as a commercial crop for South 
Florida. 

He was perhaps quite as much interested 
in the color plates which he had made and used 
in his wide advertisement of the Haden mango 
on the market. He had a sense of the value 
and methods of advertising and his shipments 
of the beautiful scarlet mango which were 
accompanied with an alluring letter-press did 
much to arouse a wide interest in the possi- 
bilities of the Haden as a commercial crop. 

My last visit to his home on 7th Avenue, 
long after the real estate development had 
robbed it of the interest it had for me for 
many years, was in response to his wish that 
his scrap books and the electropype plates and 
color lithographs which he had stored in his 
closet should be placed in some secure spot. 
Mrs. Dall, the Custodian of the Palm Museum 
of the Fairchild Tropical Garden, went with 
me and we gathered together everything that 
he thought would be of historical value and 
deposited them in the Museum of the Fairchild 
Garden. This was with the understanding 
that in the event of there coming into exist- 
ence a general museum of horticulture where 
they might be exhibited, that museum should 
have the right to take them from their storage 
place and the officers of the Garden would give 
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them the permission. 

As he sat in his rocking chair in the little 
office where for so many years he received 
his many visitors and watched us pack up 
the copper plates and note books, he drew 
sadly from his trowser pocket his little bud- 
ding knife, ground almost to its back with 
his sharpening stone. “This might go with 
the others,” he said “It’s the knife I have 
budded thousands of mangos and avocados 
with and perhaps someday someone might be 
interested in seeing it. Keep it with the cuts 
and books.” These last remains of his work 
are now safely in the Fairchild Garden Palm 
Museum. 

But it is as the first man to bud the avocado 
that Cellon will go down into history, more 
than as the first one to properly bud the 
mango, for the mango had been propagated 
for centuries by graftage, whereas so far as 
I have been able to ascertain the avocado, a 
fruit of the western world, although covering 
with its groves and scattered trees the hill- 
sides and lowlands of Central and parts of 
South America, had been always grown as 
seedlings. There did not exist anywhere a 
named variety of the fruit in the accepted 
horticultural sense; all the plantings were of 
seedlings. Popenoe had found no budded or 
grafted avocados in his travels up and down 
the West Coast of Central and South America, 
and in the West Indies and along the lowlands 
of the South American coast only seedlings 
were grown. Until Cellon successfully budded 
these two avocados, the Trapp seedling on Mr. 
H. R. Trapp’s place in Coconut Grove, Florida, 
and the Pollock seedling on the place of H. S. 
Pollock in Miami in 1901, it can be said the 
avocade industry had really not begun. It 
was not until 7 years later that the first budded 
avocado was produced in California, the Gan- 
ter, and not until 1912 that the famous Taft 
avocado, which fruited in 1909 at nine years 
of age, was budded at Orange, California. Since 
I had had the pleasure of an acquaintance with 
Mr. C. P. Taft in 1903 and visited him in 1919 
when he was a man of 63 and he told me that 
a small Chilean avocado which I had sent in 
from Chile in 1899 was the very first avocado 
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he had ever seen, I have noted with particular 
interest the beginnings of the avocado indus- 
try in both California and Florida. I feel, 
therefore, that in chronicling the passing of 
George B. Cellon I am giving credit where 
credit is due to the first man in the history 
of the world, so far as we can now discover, 
who budded the commercially and 
put budded scedling trees on the market, al- 
most a decade before there were any budded 
avocado trees in California. In 1910 the early 
varieties like the Fowler, Harmon, Blake, Mil- 
ler, Walker and White were first budded. This 
fact has a historical significance that deserves 
to be emphasized. 


avocado 


Mr. Cellon was quite naturally very proud 
the first to bud the avocado 
and and he once related to 
me an incident in connection with this Society. 
I wondered why he had nothing to do with the 
Society and asked him why. According to my 
recollection one of the former presidents of the 
Society invited him to attend an annual meet- 
ing and tell the Society about his experiences 
in budding the mango and avocado. He related 
how he had dressed up in his very best clothes, 
clothes which he had once worn on Wall Street 
when he lived in New York, and had gone to 
the meeting ready to talk. But the 
president never called upon him, forgot entire- 
ly the invitation he had extended to Cellon, 
and he had left the meeting, crestfallen, never 
ssions again. He was 
through lot, so to say, and as 
he related the humiliating experience his eyes 
snapped, for his was a proud French ancestry 
and he knew that he did not deserve the snub- 
bing Perhaps I should 
not relate this incident, but it reveals the very 
the man and points out 


of having been 


also the mango 


give a 


to attend one of the se 


with the whole 


which he had received. 
sensilive nature of 
how easily such mistakes can be made by pre- 
siding not schooled in the 
art of courteous attention to the feelings of 
their audiences. 

In 1917 when the Wilson 
Popenoe gathered from wild avocado trees in 
Guatemala, Honduras and Ecuador came in 
for propagation, some of it was entrusted to 
Mr. Cellon to top-work good sized trees in 


officers who are 


budwood which 
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his orchard, and I saw for the first time some 
of Popenoe’s varieties in his orchard in fruit. 
It was there that we got some of the first 
readings on their behaviour which checked 
with those of Mr. Simmonds in the Brickell 
Avenue and Buena Vista gardens. For com- 
parison we had then the Pollock and the Trapp, 
a few Guatemalan seedlings such as Colla, 
Collins and Taylor, and some of the new Cal- 
ifornia sorts which did not grow well. Of 
the numerous natural hybrids which have since 
taken the field, only Winslowson was yet in 
fruit. 

But in 1915 Mrs. Cellon, as she herself told 
me once, rescued from her husband’s spittoon 
a seed which he had thrown there and planted 
it near her flower-filled slat house, for she was 
a gardener too in her own right. It was the 
seed of a fruit from the parent Taft tree, 
had before this time become noted 
throughout California. Mr. Cellon did not find 
it particularly to his taste, he once told me, 
and had no interest in saving the seed. 

It is from this seed which Mrs. Cellon plant- 
ed that the variety has developed which bears 
her maiden name of Lula. I once tried to get 
her to pose beside the tree with a fruit of it 
in her hand, but she refused. She was a shy 
person and I never saw her out in society, 
but there existed a bond of sympathy between 
those two which was remarkable and when 
she died Mr. Cellon kept her desk and all 
her things just as they were in her lifetime. 
It was one of the old fashioned marriage-for- 
life affairs. 

He was a slender, rather frail appearing 
man with a thin face and sharp piercing eyes. 
He had one of the drollest, most humerous, 
rather sarcastic ways of talking and writing. 
There never was anything cliche about it and 
generally something peculiarly direct and to 
the point. One might disagree with him, but 
there was no question as to where he stood on 
any matter connected with his profession. His 
methods of advertising the mango and avocado 
were far ahead of others and of the time in 
which he lived, and his shipments to northern 
markets were, for a time at least, profitable. 
His success in marketing his mango crops 


Which 
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was an encouragement to many others and led 
to the setting out of many small plantings, 
I belicve, especially as the budded mangos in 
his nursery were for sale and were always of 
good manufacture. 

He was a great believer in the use of mulch 
about his trees. 
the Mexican Yam Bean, one of his experi- 
ments. He planted a single plant of this 
legume, Pachyrhizus erosus, in the center of 
each square and allowed it to run in every 
direction until it had covered the whole ground 
about the trees. I have a photograph of Mr. 
Cellon and Dr. C. V. Piper, the great forage 
crop expert, standing side by side in a deep 
mass of this bean in his mango orchard. So 
convinced was_ he of the value of mulch thai 
at one time he covered the ground with dead 
palm and trash of all 
which place a rather 


I recall his employment of 


leaves, boards sorts, 


gave his bizarre ap- 
pearance. Since previous to his experiments 
one of the pioneer avocado growers at Buena 
Vista had _ tried the California clean culture 
method and we had seen his trees decline in 
vigor, we were inclined to there 
something in Cellon’s method of heavy mulch, 
The tangled 
character of the ground cover probably has 
discouraged others from trying the yam bean 
even though it has an advantage what 
was in use at the time temporarily, the velvet 
bean, which ran over the trees at a great rate 
and smothered them. 

] have always felt that Edward Simmonds, 
who was in charge 
Brickell 
his association with 


admit was 


at least in the dry winter season. 


over 


aimost 


little Introduction 
Avenue, got much from 
Mr. Ceilon, for he knew 


of the 
Garden on 
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better how to handle him than did others of 
the men who were in charge of it previously 
and who perhaps showed less tact. In any case 
there was a bond of sympathy between these 
two remarkable plantsmen which played an im- 
portant role at what appears to have been a 
critical period in the cevelopment of both the 
avocado and the mango industries. For with 
the large introductions of East Indian mangos 
which the Office of Plant Introduction had 
made and the collections of bud wood of the 
Which Wilson Popenoe had sent in 
from Guatemala, Costa Rica, and Mexico, it 
was a fortunate that two such 
accomplished plantsmen were working in sym- 
pathy with the same material. As I see it, 
there might have much greater losses 
than there were of this valuable material. I 
ami not saying that I would not like to see the 
Guatemalan highiands and the tierra caliente 
of the whole of Central America and Mexico 
given another careful survey for seedling avo- 
cados, and the vast collections of mango va- 
vieties in British India, Indo-China, the Philip- 
pines and the Dutch East Indies studied by a 
trained mango expert who knew what to search 
for in the way of varieties to be used in the 
creation of 
When these 


hepinings 


avocado 


circumstance 


been 


new and better sorts of mangos. 
growing industries, whose 
of us were privileged to see, 
are proper!y handied by a competent historian, 
one of the niches, and an important one, will 
nave in it a bust of George B. Cellon. 

What could anyone of his modest nature 
crave more than a niche beside the others in 
such a hall of fame where there will be many 
pioneers? 


two 


Some 
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THE POST-WAR SITUATION AS IT CONCERNS 
VEGETABLE FARMER 


M. U. MOUNTS 
Florida Agricultural Extension Service 
West Palm Beach 


The post-war situation as it concerns the 
vegetable farmer is no easy problem to analyze 
nor can any definite statements be made as to 
actual conditions in coming years. I am a 
County Agent, in a vegetable county and claim 
none of the qualities of a seer or clairvoyant, 
yet, I believe there are some subjects concern- 
ing future possibilities we should seriously 
consider. 

1. TARIFF POLICIES—Our nation is fully 
committed to a “good neighbor” policy in re- 
gard to Latin America and we can expect 
even lower tariff barriers in the future on 
competitive fruits and vegetables. This con- 


dition will be especially severe on producers 
of tomatoes, lima beans, peppers, eggplants, 
and, to a lesser extent, English peas. The 
areas producing these vegetables can expect 
serious increased competition that will be dis- 
astrous to many growers. 

3. LABOR CONDITIONS—We believe the 
coming season will bring the most serious 
labor problems of the war period. We see 
little evidence of industrial labor returning to 
farms and the return of prisoners of war and 
foreign laborers will certainly increase already 
difficult labor problems. We believe that wages 
will continue high and as industry becomes 
very active wages may continue even higher. 
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This may resemble treason to many vegetable 
farmers, but we must face evident possibili- 
ties. 

3. LESSENED DEMAND—This depends 
on the way industry is able to reconvert. If 
our national economy is retarded, we will cer- 
tainly feel this through a decrease in con- 
sumer demand for vegetables. A second item 
to consider under this heading is the policy in 
regards to government supplies of canned 
goods. If these supplies are suddenly released 
on an uncontrolled market producers of fresh 
vegetables will suffer. 

4. QUICK FREEZE—This new processing 
method is destined to become increasingly 
competitive to many fresh vegetables. Much 
has already been written and said on this 
subject and it need not be elaborated further. 

Now that we have looked with alarm and 
concern on the dismal side of the future, let 
us see what we may do to prevent these un- 
pleasant prospects. 

1. TRANSPORTATION—After the war 
we will have more transportation facilities. 
Railroads, trucks, and even airplanes will move 
our products and we can and must develop bet- 
ter distribution. At the peak of our war time 
production, many communities and still many 
more families did not have our fresh vegeta- 


bles available. Intelligent leadership in this 
field can do much to continue our market de- 
mands at their present high levels. 

2. QUALITY—tThere is increasing evi- 
dence to make us believe that our consumers 
are going to be more demanding in the quality 
of our vegetables. By quality I do not mean 
simply well packed, good looking products. 
The consumer has learned much about vita- 
mins and minerals and I visualize the day 
when our products must be labeled even better 
than our fertilizer bags are today. If we con- 
tinue to sell vegetables on a health and taste 
basis, they must deliver the goods. 

3. NEW VARIETIES—We believe that 
many sections should explore the idea of new 
varieties for their farms. The development of 
new varieties is a highly competitive subject 
and means adjustments between areas, but 
vegetable production can never be considered 
static and should always be mobile and chang- 
ing. 

4. LABOR—In order to approach an ade- 
quite supply of labor I believe it is important 
to explore the possibility of year round em- 
ployment. I do believe that this may be com- 
pletely impossible in many areas but it can be 
comfortably approached in others by the use 
of farm enterprises other than vegetables. 





SOME TRENDS IN VEGETABLE RESEARCH 


F. S. JAMISON 
Florida Agricultural Experiment Station 
Gainesville 


During the present and last year’s meetings 
you have heard many valuable papers. For 
the most part these papers have dealt with 
crop management, better and more efficient 
methods of crop production. Many organiza- 
tions attempt to improve the quality of papers 
presented by awarding a prize for what is con- 
sidered an outstanding paper. This idea might 
be worth the consideration of this group. Each 


paper presented has been a worthwhile con- 
tribution to better crop production. As Sec- 
retary Floyd pointed out in the proceedings 
of last year’s meeting, 16 papers were read by 
workers of the State or Federal agencies. 
There are 15 such papers on this year’s pro- 
gram. As chairman, believing there should be 
more grower participation, I deplore this con- 
dition but, at the same time, I wish to con- 
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gratulate you growers on making this condi- 
tion possible. Let me hasten to add that what 
you had is just the beginning of what 
may be expected in the future. The growers 
of Florida have persisted until, in my very 
humble opinion, they have established for their 
industry a research organization second to 
none in United States. The potato af- 
fords a very fine example of what has been 
accomplished. Several times potato varieties 
have been discussed before this section by Dr. 
Eddins, Dr. Ruehle and Mr. Fifield. Spaulding 
Rose has virtually disappeared in North Flor- 
ida, Katahdin, Sebago and Sequoia replacing 
it. In South Florida Pontiac and, in some sec- 
tions, Sebago appear to be superior to Bliss 
Triumph. The work with organic fungicides 
reported by Dr. Ruehle last year has resulted 
in a superior spray for Late Blight. Indeed, 
the spray did so well that last season growers 
had to use a weed killer on the vines where 
they wished to dig early potatoes. 

There lines of re- 
search that have resulted in improved prac- 
and resulted in increased 
Certain other studies 
now under way appear promising. you have 
heard several at this meeting on the effect of 
certain treatments. Volk and Westgate 
accumulating evidence which may result 
in a decided reduction of nitrogen necessary 
in certain At Gainesville we have in 
storage 95 separate lots of potatoes, each im- 
mune to late blight. These were selected in 
the field from approximately 400 separate lots. 
Of the 95 lots saved, 35 of them will be tested 
on small plots in several growing areas; the 
others, because of insufficient seed stock, will 


have 


these 


are a number of other 


tices, incidentally 


acre yields of potatoes. 


seed 
are 


soils. 


be planted at only one location. It is alto- 
gether possible that, by the next meeting, 
there may be a late blight immune potato 


satisfactory for production in Florida. 

We could repeat this story with other veg- 
etables, but crop production is not the only 
concern of vegetable growers. For the past 
several years we know they have been worried 
with many other things. Any that attended 
the meeting of this organization last year will 
recall quite distinctly that there was some con- 
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cern and discussion over O. P. A. Whether 
there be an O. P. A. or not, growers will prcb- 
ably continue to worry about suitable prices 
for their crops. 

Those of you who attended the first meet- 
ing of this section held at Hollywood in 1939 
may recall that the first paper presented was 
one entitled “Agricultural Tariffs as They Af- 
fect Florida.” The second paper was one en- 
titled “Some Effects of Maturity on the Mar- 
ketability of Florida Tomatoes.” These two 
papers may well cause us to hesitate and con- 
sider some factors affecting prices and profits 
from tomatoes. They indicate two distinct 
approaches to a very important problem. The 
easiest solution in 1939 appeared to be the 
of maintaining a tariff sufficient to protect 
Florida’s production. What appeared at that 
time the more difficult solution of producing 
and marketing a superior product appears now 
to be the only solution. To accomplish this 
objective will take close cooperation of grow- 
ers, shippers and research agencies. Tomatoes 
have been specifically mentioned, because this 
crop suffers severely from competition with 
tomatoes produced in fertile areas where labor 
costs are low. The mention of “Frozen Foods” 
should be sufficient warning to growers of 
other crops that high quality products must 
not only be produced but satisfactory methods 
must be found and used to get this quality to 
the consumers at a price which will enable 
our products to compete successfully with 
frozen foods. Florida vegetable growers have 
been sufficiently aware of this problem to see 
to it that funds were made available for a 
beginning of research in this field. Much of 
this work can be done at home in Florida. But 
crops grown in this state are for the most 
part consumed in other states. Thus, before 
ibis program is complete, we must study the 
quality upon arrival at the consumer market. 
Then, too, research is effective only if the 
results are applied. 

Certain industries exist because of the value 
of the by-products. Vegetable producers in 
Florida have paid but slight attention to con- 
verting their waste products into valuable by- 
products. The citrus industry is beginning to 


vw 
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realize the value of by-products and it is en- 
tirely possible that vegetable growers may find 
valuable use for their waste products. Last 
season, in cooperation with Prof. Norman R. 
Mehrhof of the Poultry Department, dehy- 
drated celery, consisting primarily of strip- 
pings from a celery wash house, was used as 
a substitute for dehydrated alfalfa leaf meal 
in the ration fed to chicks. All chicks were 
weighed at the beginning of the experiment 
and at the end of 10 weeks when they had 
reached broiler size. The chicks fed dehy- 
drated celery tops were equal in size to the 
chicks fed alfalfa leaf meal. The quantity of 
celery waste that is hauled from celery pack- 
ing houses is unknown. But if we allow 30 
Ibs. per crate and dehydrated the waste from 
the entire celery crop, there still would not 
be sufficient to replace the alfalfa meal now 
shipped into Florida. If repeated experiments 
support the information obtained from this 
first test, the production of celery meal from 
celery now being hauled from wash houses 
would seem to offer an opportunity for celery 
growers. Undoubtedly certain other vegetable 
waste may be effectively used for this same 
purpose. It is a field that will receive careful 
consideration. 

For the past several years Florida has been 
one of the first three states in canning beans. 
Little attention has been paid to the industry 
but it is entirely feasible for Florida to con- 
tinue as a producer of canned beans providing 
high yielding varieties suitable for canning 
are found. The establishment of such an in- 
dustry would be a stabilizing factor for the 
fresh market. 

During the war years there has been a State 
Committee on Agricultural Production Ad- 
justment. The duty of this committee was to 
attempt to establish crop or production goals 
for the state. The goals established were de- 
termined by a number of factors; two of the 
more important ones being the ability of grow- 
ers to produce with the various war-time re- 
strictions and the need for the various prod- 
ucts by the consumers. 

On August 1, 1945, this State Committee 


issued a report of suggested vegetable acre- 
ages for the 1945-46 season. This report was 
reviewed by the vegetable sub-committee Sept. 
29, or last Saturday. While some changes 
have been made, the committee had access to 
no information that would warrant it chang- 
ing most of its earlier recommendations. Many 
of you have already seen this information. 
However, I wish again to call it to your at- 
tention, specifically to those crops where a 
considerable change has been made. A sug- 
gested reduction is made in cabbage because 
of the large late crop and late plantings in 
this state. Potato acreage was reduced be- 
cause of the large late crop. It is of impor- 
tance that growers give considerable attention 
to acres harvested and yields as well as to 
planted acreage. August 1 it was suggested 
that growers decrease the acreage of fall 
beans. A further reduction is now suggested. 
Should growers follow the suggestion they 
would plant 25,000 compared to 34,200 last 
season. If all the acres planted yield at the 
average rate of 1940-44 there would be 46 
per cent more bushels of beans produced than 
were produced in the fall of 1944. 


We who have been concerned with the prep- 
aration of this report are now interested in 
knowing whether the preparation and dissem- 
ination of such information has any place in 
peace-time. Florida. Should any attempt be 
made to translate factory payrolls, industrial 
employment and consumer purchasing power 
into acres of vegetables that Florida growers 
might expect to sell. If producers believe such 
information valuable, it is possible that the 
work might be expanded and strengthened. 
For the report to be of value, it must be based 
on reliable information prepared by an agency 
or agencies unprejudiced by opinion, whether 
that opinion be growers’, shippers’ or any 
other interested parties’, and released in sut- 
ficient time for growers to make the proper 
adjustments in their plantings. 

But, irrespective of the validity of such a 
report, it will not eliminate the need for judg- 
ment on the part of growers in determining 
the acreage and kind of crop they should pro- 
duce, and, while it may reduce, it certainly will 
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not eliminate the occurence of temporary 
peaks or famines. 

I am an optimist and believe that vegetable 
production in Florida will continue to expand 
beyond the record acreage that has been grown 
during the past several years. How rapidly 
and how far is dependent to a large extent 
upon research and upon how successfully and 
how quickly the results are translated into 
preduction and marketing practices. Produc- 
tion problems are of continued importance but 
quality vegetables must be produced, trans- 
perted and sold to the consumer. More efii- 
cient production methods and the utilization 
of waste products will allow lower prices. Ef- 
ficient handling and merchandising methods 
will insure high quality and a wider market. 
This organization should play a very vital part 
in accomplishing these and other worthwhile 
objectives. I am sure it will do so. 


Our organization has reached a place where 
a change of management would be a splendid 
idea. The responsibility of arranging a pro- 
gram that is most desirable and suitable to 
the diversified group that now attends our 
meetings is more than a one-man job. Thus 
it is my earnest dseire that you find another 
to assume the duties of chairman of this Sec- 
tion. I can assure whomever you select for 
the position that he will have exceedingly fine 
coeperation. The Florida State Horticultural 
Society has accepted this group as an integral 
part of the organization. The officers of the 
Society have been exceedingly helpful in ar- 
ranging programs, places of meeting and in all 
matters pertaining to the welfare of our sec- 
tion. Workers in Federal and State and other 
agencies have helped in arranging and pre- 
senting the fine programs we have had and 
i am sure they will continue to help. 





EXPERIMENTAL RESULTS FROM MINOR 
ELEMENTS IN GROWING VEGETABLES 
ON SEVERAL SANDY SOILS 


BYRON E. JANES 


Florida Agricultural Experiment Station 


One of the interesting developments in agri- 
culture during the past 20 years was the dis- 
covery that certain minor or trace elements 
will correct a number of the physiological dis- 
orders of plants. The first report of the use 
of minor elements in this state was that of 
Allison, Bryan and Hunter,, who reported that 
it was necessary to apply copper sulfate, man- 
ganese sulfate and zinc sulfate to the raw 
peat soils of the Everglades to obtain satis- 
factory growth of most crops. This discovery 
has made it possible to grow the tremendous 
acreage of vegetables that are now harvested 
from the Everglades. In 1930 Skinner and 
Ruprecht, reported that manganese was essen- 
tial to the development of truck crops on the 





marl soils of South Florida. In 1937 Purvis 
and Ruprecht, reported that cracked stem of 
celery was corrected by the application of 
boron to the soil. During the period from 
1934 to the present time it has been found that 
the application of minor elements to citrus, 
tung and other trees will correct a number of 
physiclogical diseases. 

Discoveries which give such tangible results 
as these inevitably stimulate a great deal 
more research along the same line. This case 
was no exception, for there have been hun- 
dreds of experiments on the use of minor ele- 
ments in the past 10 or 15 years. From these 
experiments there has come a great deal of 
conflicting evidence as to the benefits of minor 
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elements. Some workers have hailed them as 
saving agriculture, while others have obtained 
little or no benefit from their use. Probably 
some intermediate position is right. There is 
no doubt that in certain instances, such as 
those reported above, without the application 
of minor elements to the soil or plant, little 
or no crops could be grown; however, in other 
instances no benefits are obtained. 

A review of the literature dealing with mi- 
nor elements indicates that annual crops grow- 
ing on alkaline or neutral soils are more like- 
ly to be affected than the same crops growing 
on acid soils. In Florida tung and citrus show 
deficiencies when growing on acid soils. It 
was thought that perhaps vegetables growing 
on these acid soils would be benefited by mi- 
nor element applications. The Department 
of Horticulture of the Florida Agricultural Ex- 
periment Station has been experimenting for 
about 8 years with various minor elements on 
acid sandy soils of Peninsular Florida to de- 
termine what benefit would be expected from 
their use. 


A number of growers’ fields which showed 
diseases thought to be caused by minor ele- 
ment deficiencies were used to test the effect 
of soil and spray application of minor ele- 
ments. Several of these experiments will serve 
to illustrate the procedure and the type of re- 
sult obtained. 


In the spring of 1939 a field near Levy 
Lake which had shown certain malnutrition 
symptoms the year before was selected for an 
experiment. Zinc, boron, copper, magnesium 
and manganese were added singly and in sev- 
eral combinations to a 5-7-5 fertilizer. The 
fertilizer was applied to the soil several weeks 
in advance of planting Big Boston lettuce. The 
plot receiving only 5-7-5 fertilizer with no 
minor elements added gave the greatest yield. 
The plots receiving zine sulfate and boron 
plus 5-7-5 fertilizer and magnesium sulfate 
plus 5-7-5 fertilizer gave a yield nearly as 
high as the no minor element plots. The low- 
est yields were obtained from the plots re- 
ceiving manganese sulfate plus 5-7-5 fertilizer. 
Many of the plants on the plots receiving 


manganese sulfate developed a chlorosis on the 
margin of the leaves., 

In 1940 a field of cabbage near Leesburg, 
developed symptoms which seemed to be 
caused by a minor element deficiency. Sev- 
eral plots were laid out and sprayed with 1% 
zinc, manganese, magnesium, and copper sul- 
fates, 2% iron sulfate, and 0.2% borax. Soil 
application of these materials singly and in 
combination were made at the same time. 
Since no symptoms developed in this field un- 
til the plants were quite large, the treatments 
were effective for only a short time near the 
end of the growing period. In spite of this 
late application of treatments the soil appli- 
cation of manganese sulfate resulted in a 53% 
reduction in the number of affected plants. 
Some of this soil was brought to Gainesville 
and cabbage plants grown in it. These plants 
soon developed a chlorosis. Manganese sul- 
fate applied at the rate of 150 pounds per 
acre to the soil turned the leaves green., 

In 1943 a large number of plants in a field 
of peppers near Stuart became chlorotic and 
dropped many of their leaves. The first pick- 
ing had been made when the field was first 
examined. At this time a number of plants 
were nearly defoliated. Separate rows were 
sprayed with 1% solutions of zinc, copper, 
manganese and iron sulfates and borax sep- 
arately and all together. After two weeks 
no benefit could be observed from any treat- 
ment; many of the plants were dying. 

These experiments in commercial fields 
showed that additional information was need- 
ed as to the symptoms of these deficiencies 
as they occur in the field. Information was 
also desired on the response of different va- 
rieties to application of various minor ele- 
ments. It is a comparatively simple matter to 
grow the different vegetables in solutions or 
sand cultures which are deficient in one or 
more minor elements and observe the symp- 
toms which develop under controlled inviron- 


1. These studies were made by Victor F. 
Nettles, Assistant Horticulturist, 
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ment. It is a much more difficult task, how- 
ever, to ecrrelate abnormal conditions of an- 
nual plants grown in the field with any one 
deficiency or group of deficiencies. One or 
nore of the following factors is always pres- 
ent to complicate the effect: more than one 
lement may be deficient at a time, disease or 
insect injury may occur, and environmental 
ccnditions are not as accurately controlled in 
the field as in the greenhouse. There are 


€ 


TABLE I. 
rious minor elements. 


for 3 replications. There were 
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As was stated before, there is considerable 
evidence that minor element troubles are mcre 
prevalent on annual plants growing on alka- 
line or neutral soils than those grown on acid 
soils. For this reason it was thought that 
more of the desired information could be ob- 
tained by heavily liming the soil before apply- 
ing minor elements. A plot of a little more 
than an acre was selected for the trials and 
enough lime and dolomite added to raise the 


Number of heads and yield in tons per acte of cabbage from plots treated with va- 
Each value for 1942 and 1944 is an average of 6 varieties 
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only 2 replicaticns in 1948. 
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1942 1944 1942-1944 1943 

» : Se fe ee So 
Treatment Se s Sty 4 = Sh 
= 8 i a n » Re 
o & of o o 3 o & 
Za ae a Bs Ze 
B 5814 4.29 (279 4.22 41.16 8069 
Fe | 6887 D.09 (424 8.46 0.57 8243 
Mn 6249 4.86 1221 5.06 4.69 8678 
Zn 785! 6.76 $729 6.41 6.44 8286 
B-Fe | 6771 7.20 iDb4 D.77 6.3 8482 
Mn-B 5945 5.13 7612 5.24 5.07 8373 
Mn-Fe 6800 6.18 8207 5.81 5.86 8895 
Mn-2n 7583 6.12 7569 5.51 5.59 8634 
7n-B 6022 5.68 7670 5.52 5.A8 8526 
rn Fe 5756 A.77 NAT 131 4.43 R874 
Mn-B-Fe 5684 5.44 lt H.86 4.54 8613 
Mn-2Zn-B 5611 4.51 7598 5.17 4.73 8265 
Mn-Zn-Fe 6771 5.69 7235 9 5.67 8439 
7r.-B-Fe 6612 0.06 retry 4.92 5.18 8895 

Mr-B-Zn-Fe 5147 3.79 7061 4.22 3.92 8373 | 

Mene 6887 5.73 7598 5.58 5.52 8613 | 
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*Difference necessary for significance at 5% 
cases such as the deficiency on 
the muck and marl and the crack stem 
of cclery that are clear and distinct but there 
are many troubles which are much more com- 
plicated than these. To obtain some idea of 
what the symptoms lIcok like in the field and 
also to determine if different varieties respond 
differently to different leevls of minor ele- 
ments a series of plots was laid out on the 
farm cf the Agricultural Experiment Station 
at Gainesville. 


manganese 
soil 








, 0.96; at 1%, 1.33 


pH from about 5.5 to 7.0. Sixteen treatments 
replicated 3 times were laid cut on this plot. 
The treatments consisted of no minor ele- 
ments, sine sulfate, copper sulfate, iron sul- 
fate and borax singly and in all possible c+ 

binations. The materials were applied in so- 
lution to the soil and as a spray to the plants. 
Six varieties of cabbage were grown during 
three different seasons and five varieties of 
tomatoes were grown for one season. The 
field was fertilized with a 5-7-5 fertilizer. To 
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reduce to a minimum the amount of minor 
elements added in the fertilizer all the nitro- 
gen was obtained from inorganic sources. A 
careful examination of the plots was made 
from time to time to determine if any visible 
deficiency symptoms developed in the field. 
Yield records were obtained and in the case 
of cabbage a large number of mature heads 
were cut open to determine if there were any 
internal deficiency symptoms. 
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were observed in the cabbage grown on the 
plots at Gainesville but there was no correla- 
ticn between the occurrence of the internal 
browning and the application of boron. Sev- 
enty-one heads out of the 2880 cut in 1944 
showed this internal browning of the core; 43 
of the 71 heads were from the 9 treatments 
receiving no boron and 28 from the 7 treat- 
ments receiving bcron, or an average of 5 for 
no boron and 4 for boron treatment. 


TABLE II. The effect of various minor elements treatments on the yield in tons per acre of 


six varieties of cabbage grown in 1944. 


cations. 


Each value is an average of three repli- 





Variety 
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yt cS a & 5 
reatment o © _ a ao =O Ss me 
uO o 8 9 n — 
Ud feet an) On fz) < fz] 
Yield, tons per acre 
Be Peo a, Sarit a antes rena | 4.80 | 1.57 4.27 5.30 4.10 4.03 
Fe |} 623 | 3.33 5.07 7.03 3.47 7.27 
Mn | Cae | Bee 4.63 6.27 4.30 | 4.77 
Zn | Way 4.10 5.83 8.93 4,37 7.67 
_- Se eee 7.43 3.97 5.30 6.00 5.83 5.70 
Mn-B | 5.60 | 3.07 6.00 | 7.67 4.03 4.73 
Mn-Fe 6.27 | 3.30 5.43 8.47 4.60 6.47 
Mn-Zn | 733 | 3.50 4.77 6.73 4.03 5.38 
7n-B | 8 | S60 4.67 7.97 417 5.2 
Zn-Fe | 5.67 1.57 3.97 5.30 4.17 4,90 
Mn-B-Fe | 498 | 2.27 3.50 5.30 3.37 3.50 
Mn-Zn-B | 610 | 3.90 3.73 7.83 4,10 5.00 
Mn-2Zn-Fe | 6.00 | 3.23 5.30 9.17 4.52 6.87 
Zn-B-B-Fe | 6,67 3.50 4,17 6.33 3.70 4.80 
Mn-Zn-F-Fe | 5.00 | 1.88 3.57 7.13 3.97 3.60 
None 8.10 | 2.83 4.93 5.47 1.40 7.33 





There were no visible abnormal symptoms 
that could be correlated with any treatment 
f-r either cabbage or tomato during any of 
the seasons. There were a few plants that 
developed a slight chlorosis and others that 
developed a few crinkled leaves. The 1944 
cabbage crop was heavily infected with mosaic. 
There no correlation of any of these 
symptoms with the various treatments. 

Walker. working in Wisconsin and Chan- 
dler, working in Maine both report that cab- 
bage grown on boron deficient soils exhibits 
an internal browning and necrosis of the stalk. 
Symptoms resembling this boron deficiency 


—_— 
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Table 1 shows the average yield in number 
of heads cut and weight of 6 varieties for each 
of the three years. An analysis of variance 
was made for each year and for 1942 and 1944 
combined. The data for 1943 were not used 
in the ecmbined analysis because there were 
only two blocks instead of three and a severe 
freeze at the time of heading caused considera- 
ble injury. There is a large difference be- 
tween the treatment yields but when the 
yields for any one year are considered there 
is no significant difference between treat- 
ments. However, when the data for the two 
years, 1942 and 1944, are combined, there is 








218 


a highly significant difference between treat- 
ments. While there is a significant difference 
between treatments when the two years are 
combined, it is difficult to determine which 
element or elements is influencing the yield. 
It would appear that perhaps the main effect 
is one of depression rather than benefit. There 
are more treated plots that had a lower yield 
than the plot receiving no treatment, the no 
treatment plot being about 6th in rank. A 
large part of the difference in yield for 1942 
and 1944 is due to the difference in the num- 
ber of heads cut which was the same as the 
number of plants to survive. There is a high- 
ly significant correlation between the number 
of heads and yield for both years. It is dif- 
ficult to say just what brought about the dif- 
ference in stand. The same number of plants 
was set out in the start of the experiment. 
There may be some effect of treatment on 
the stand but it is more likely that some other 
factor such as the amount of water, cut- 
worm injury, etc., accounted for the lasgest 
amount of the differences. 

There was no correlation between stand and 
yield for 1943 and the rank of the treatments 
was quite different from the other two yeears. 
The fact that the growing conditions in 1943 
were different from those in the other two 
years probably accounts for the difference in 
response. 

Table II shows the difference in response of 
the six different varieties in 1944. Here 
again there is considerable difference but not 
consistent enough to be significant. Most of 
the differences are probably due to causes 
cther than treatments. This data indicates 
that from a grower’s standpoint the relative 
response of the various varieties to minor 
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element treatments is of only minor import- 
ance in selecting the variety to be grown. 
Other factors suc has size and type of head 
and general adaptability to the climate are 
much more important in determining what va- 
riety would be grown. 

The tomato data were very similar to the 
cabbage and, since there was no significant 
difference between the treatments, it was not 
included. 

The results presented here indicate that 
very little benefit to vegetable crops is to be 
expected from the application of minor ele- 
ments to a number of acid sandy soils in 
Florida. In fact, there is some indication that, 
unless these materials are used with caution, 
they may prove harmful. 
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SCLEROTINIOSES OF SNAP BEANS AND 
OTHER VEGETABLE CROPS 


HUEY I. BORDERS 
Sub-Tropical Station, Florida Experiment Station, 
Homestead 


In the last few years sclerotiniose (Sclero- 
tinia sclerotiorum (Lib.) DeBary), commonly 
known as bean mold or watery soft-rot of 
snap beans, has become increasingly important 
as a disease of snap beans in the Lower Flor- 
ida East Coast counties of Palm Beach, 
Broward, and Dade. This disease is wide- 
spread throughout bean and other vegetable 
plantings on sandy loam and mar! soils, but 
has not yet been found on the muck soils. 
Sclerotiniose not only destroys infected plants 
in the field but also causes even greater losses 
in transit of beans to market, due to rotting 
and nesting of beans in hampers. 

Although not a new disease in Florida, it 
had not been as severe nor had it attained the 
economic importance in the past that it has in 
recent years. The growth in prevalence and 
severity of the disease in the Lower Florida 
East Coast area has been in direct ratio to 
the increase in acreage of snap beans and 
other vegetable crops. In the Homestead area 
the recent great increase in sclerotinioses to 
its present economic importance dates back 
to about 1937. Since that time the disease has 
kept pace with the expansion of bean acreage. 

S. sclerotiorum, the cause of bean mold or 
watery soft rot of snap beans and other vege- 
tables, was described in Europe over 70 years 
ago, in the United States more than 40 years 
ago, and has been known as a disease of vege- 
tables and ornamental plants in Florida for 
over 25 years. This disease has been reported 
as affecting vegetables in field and green- 
house plantings in practically every state in 
the United States, and has been reported as a 
transit disease of fruits and vegetables from 
all sections of this country. 

In Florida, Weber and Foster of the Florida 


E.xperiment Station, reported S. sclerotiorum 
as a disease of vegetables in 1928. At that 
time they reported over 50 hosts of this fun- 
gus in Florida. A. N. Brooks, of the Florida 
State Experiment Station worked out a con- 
trol of Pink Ret of celery caused by S. sclero- 
tiorum for the Sarasota area during 1938-40. 

As a result of surveys conducted in 1943, a 
cooperative research program was initiated by 
the Florida Experiment Station and the U. S. 
D. A. in the fall of 1944, 

While sclerotinioses is severe in its effect 
on tomatoes, potatoes, and other vegetable 
crops in the Homestead area, the greatest 
economic losses are being sustained by the 
growers and shippers of beans. Therefore, 
the first endeavors of this research program 
are being devoted to control sclerotinioses of 
snap beans., 

The research program is divided under three 
main headings: I. Soil treatment tests for the 
purpose of finding some means of controlling 
the disease at the source of infection, viz., 
the soil-borne sclerotia. It is known that 
there is little or no sclerotinioses of beans in 
the Everglades muck soils and tests are being 
conducted to determine the cause and possible 
application to the marl soils of the Homestead 
area and to other affected areas. II. Variety 
tests to determine if any bean variety posses- 
ses some degree of resistance in order to initi- 
ate a breeding program for resistant varieties. 
III. Fungicide tests to find some fungicidal 
material, either in spray or dust form, that 
would protect the bean plants or pods from 
field infection. 

The test plots for these experiments are lo- 
cated on Perrine marl soil on a farm about 4 


miles east of Homestead, Florida. The par- 
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ticular area was selected because of the soil 
being heavily infested with sclerotia of S. 
sclerotiorum. Results of the first season’s 
work are divided under the three main divi- 
sions as outlined above. 
Soil Treatment Tests 

The soil treatment tests were laid out in a 
randomized block design and treatments were 
replicated five times. The materials and rates 
of applications used in these tests are 
given in table 1. 


TABLE 1. Materials used and Rate of Ap- 
plication. 
S 3 
A % Rate of Application 
) & (Lbs. per Acre) 

fy _ ee ees - ID 
1 Uramon 1000 
2 Cyanamid 1000 
3 Cyanamid 2000 
4 Ammonium nitrate 1000 
5 Check eee 
6 D-D Compound . 400 
7 Chloropicrin . 400 
8 ~—— 


Check 





Preparation of the land in the test plots fol- 
lowed usual commercial practice. The Ura- 
mon, Cyanamid and Ammonium Nitrate appli- 
cations were distributed as uniformly as possi- 
ble by hand and the material was lightly har- 
rowed in with the harrow attachment of a 
Planet Jr. wheel hoe, pushed by hand. The 
D-D compound and the chloropicrin applica- 
tions were made with a regular soil injector. 
At the time the D-D compound and chloro- 
picrin applications were made the soil was 
moist and it was not deemed necessary to wet 
down the soil following the injections. 

Soil treatments were made October 21, 1944, 
and the plots were planted to Tendergreen va- 
riety snapbeans on November 24, 1944. The 
Tendergreen variety was used throughout the 
season in all tests because it is the standard 
commercial variety grown in this area. Germ- 
ination of seed and stand of plants in all plots 
was uniferm with no sign of burning or other 
effects from the treatments. 
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On January 2, 1945, apothecia counts were 
started and were completed January 12, 1945. 
A minute examination was made of the entire 
surface of every replicate of each plot in or- 
der to get an exact count of the number of 
apothecia produced by sclerotia in the soil. 
This was ccnsidered the most accurate means 
of judging the efficacy of the different soil 
treatments. The results of this count are 
shown in Table 2. 


TABLE 2. Number of Apothecia Developing 
on Soil Treatment Plots at Homestead, Flor- 
ida. 





Treatments 








Replicate 1 2 3 4 5 6 7 8 
1 0 0 020 19 135 79 30 
2 00040 40 48 24 33 
: 1*0 0 9 24 87 #19 39 
4 0 0 067 10 76 20 52 
5 5 0 058 42 68 72 101 


Means 2 0 0O 38.8 27.0 71.8 42.8 51.0 





*From interior of old bean stalk lying on top 
of ground. 


A source of error in judging the efficacy of 
the soil treatments by the presence or absence 
of apothecia lay in the possibility of mycelial 
germination of sclerotia. Therefore, the num- 
ber of mycelial soil infections of bean plants 
was counted and the results are tabulated in 
Table 3. 

The number of infections from air-borne 
ascospores of bean plants in the soil treat- 
ment plots was counted and the results of this 
count are shown in Table 4. 

Bean Varictal Resistance Experiment 

These tests were made in order to determine 
if any of the existing commercial varieties 
of snapbeans possessed some degree of re- 
sistance to infection from Sclerotinia sclero- 
tiorum (Lib.) DeBy. 

Materials for this test consisted of seventy- 
one varieties of beans, bush and pole varie- 
ties. Each variety test plot consisted of 100 
seeds planted in twenty-five foot rows, 
Rows were sixty inches apart. Plots were re- 
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plicated five times in randomized blocks. 


The variety test plots were staked out on 
November 15, 1944, and the five pole bean va- 
rieties were planted. The other sixty-six va- 
rieties were planted on the following day, No- 


TABLE 3. 
Homestead., 
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weeks and five days old, at the time the in- 
fection was detected. Point of infection was 
at the ground line from mycelial invasion. 
The plant was placed in a moist chamber in 
the laboratory and abundant mycelium and 
sclerotia produced. 


Number of Soil-borne Mycelial Infections of Plants in Soil Treatment Plots at 





Treatments 








Replicate 1 2 3 4 5 6 7 8 Totals 
1 5 4 0 5 2 6 8 5 35 
2 3 12 12 13 7 6 11 8 T 
3 12 10 0 7 15 11 1 10 66 
4 5 7 7 37 2 22 ij 7 94 
5 2 19 4 29 5 14 5 8 86 
Means 5.4 10.4 4.6 18.2 6.2 11.8 6.4 7.6 





, (Counts started on Jan. 2, 1945, and completed on Jan. 12, 1945) 


vember 16, 1944. Germination and _ initial 
stand counts were made on November 24, 1944. 
All plots showed uniformly good germination 
with the exception of White Cornfield which 
had an average germination of 11.6% for the 
five replicates. 


On February 9, 1945, determinations were 
made of the relative percentages of sclerotinia 
infections on bean varieties. There were 
significant differences in susceptibility of 8 
of the varieties tested. One variety which 
was labeled “Yard Long, Assoc.”, turned out 











TABLE 4. Number of Air-borne Infections of Plants in Soil Treatment Plots at Home- 

stead., 
Treatments 

Replicate 1 2 3 4 5 6 : 8 Totals 
1 35 16 19 14 5 8 15 7 119 
3 20 5 5 4 9 2 4 1 50 
3 50 7 8 6 12 5 8 4 100 
4 15 7 5 3 9 2 4 2 47 
5 10 2 0 1 9 : 2 1 27 

Means 26.0 7.4 7.4 5.6 8.8 3.8 6.5 3.0 





,(Counts started Jan. 2, 


There was a heavy production of apothecia 
in ‘all blocks as well as uniformly heavy 
mycelial germination of soil-borne sclerotia 
with consequent heavy mycelial infection of 
the plants. 

The first infection from sclerotinia was 
found on December 11, 1944, in the variety 
test plots. The infected plant was three 


and completed Jan. 12, 1945) 


to be a field pea, Vigna sesquipedalis, instead 
of bean variety. Yard Long showed com- 
plete resistance to infection from S. sclero- 
tiorum and can apparently be grown success- 
fully in the presence of severe Sclerotinia in- 
festations. 

It is planned to continue the variety tests 
in a further effort to find existing bean va- 
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rieties with resistance to infection from this 
organism, and to obtain suitable material for 
a plant breeding program. 

Spray Experiment 

This experiment was set up for the purpose 
of ascertaining if any of the fungicidal mate- 
rials used as sprays in this test would be effec- 
tive in controlling infections of bean plants by 
5. sclerotiorum (2) DeBy. Plots were six 
rows wide, the rows being fifty feet long 
and thirty-six inches apart. Each treatment 
was replicated five times in a randomized 
block arrangement. 

The land was prepared in accordance with 
usual commercial practice. Tendergreen va- 
riety was used and the first test plot was 
planted on November 25, 1944. It was planned 
to start spraying the plots when the beans 
were from six to eight inches high, but on 
December 29, 1944, it was found that the en- 
tire test plot was already almost completely 
covered with sclerotinia-infected plants. The 
average size of the plants at this time was 
about four inches. This plot was abandoned 
and the second spray plot, which had been 
planted on December 18, 1944, was used. 
Sprays were applied with a power sprayer 
at approximteely 250 pounds pressure. The 
first spray was applied on January 1, 1945, 
and continued at six-day intervals through 
February 20, 1945, at which time all pods 
had matured. The materials used and rates 
of application are given in Table 5. 


TABLE 5. Material used and rate of applica- 
tion for bean sprays. 








Materials Rate of Application 
Sulfur 20-100 
Dithane—zine sulfate—lime 1.5-1-0.5-100 
U. S. Rubber Company No. 604 1-100 
Fermate ......8°100 
Zine dithiocarbamate 2-100 
U. S. Rubber Company No. AO-3 1-100 
Copper Compound “A” 4-100 
Check No treatment 





No deleterious effect was observed on the 
bean plants or pods from the use of any of 


the spray materials. Due to lateness of the 
season and unusually warm, dry weather, dur- 
ing the greater portion of the period in which 
the experiment was conducted, no sclerotiniose 
appeared in any of the plots. Plots of po- 
tatoes and tomatoes which were being sprayed 
with similar materials, as well as with other 
spray materials not included in this experi- 
ment, were observed during the height of the 
disease period. Although excellent results 
were obtained from some of the sprays used 
in control of late and early blight on potatoes 
and tomatoes, there was no control over air- 
borne ascospore infections of the leaves or of 
mycelial infections of the plants from soil- 
borne sclerotia. 
Herbicide Test 

On February 19, 1945, several tests were 
made to learn the effect of various herbicides 
on mycelium and sclerotia of S. sclerotiorum, 
growing in and on bean plants and ragweed 
in the heavily infested spray plots which had 
been abandoned. This test consisted of four 
plots, 225 x 15 feet. The materials and rate 
of application are given in Table 6. 


TABLE 6. Herbicides used and rate of appli- 
cation. 








Material Rate of Application 
Ammate ........ iy pie Sena Rpanies ae. 1-1 
| ere er eee er eee .1-100 


Weedone (2-4 trichlorpheno- : 
ae 1-100 
Check . .No treatment 





Treatments were applied with a knapsack 
sprayer. The bean plants and ragweed were 
killed. On February 28, 1945, sclerotia were 
collected from the dead plants in each of the 
plots and plated, without surface sterilization 
or washing, on potato dextrose agar. The 
plates were incubated at room temperature. 
At the end of 24 hours the plated sclerotia 
from the check, the Ammate, and the Wee- 
done plots had all germinated by mycelial 
germination. There was also growth of bac- 
teria present on the surface of the sclerotia. 
The sclerotia from the Sinox plot did not 


— 
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germinate until the end of 48 hours when all 
the sclerotia produced mycelium and grew as 
vigorously as had the mycelium from the other 
plots. 


Summary 

The results of the year’s work on control of 
sclerotiniose infections of beans are summa- 
rized as follows: 

Highly significant results were obtained 
from some of the soil treatments (3). Lab- 
oratory experiments still in progress indicate 
that on both the sandy loam and mar! soils 
other possible control measures may be: Com- 
binations of flooding and green manures 
turned under; flooding plus soil treatment; or 
a combination of flooding, green manures and 
soil treatment. These tests will be carried on 
in greater detail this year. 

Since some varietal resistance was found in 
the baen varieties tested, it is planned to 


carry on further variety tests. 

A number of fungicidal sprays were ob- 
served on other susceptible crops as well as 
those tested on snap beans. So far no sprays 
have been found that afford any protection 
to the plant either from soil-borne infections 
or from air-borne ascospore infections. It is 
planned, nevertheless, to test additional spray 
materials this season. 
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CONTROLLING WEEDS IN TOBACCO 
SEEDBEDS 


FRED CLARK And W. E. STOKES 
Florida Agricultural Experiment Station 
Gainesville 


Preparation of Seedbeds: Preparation for 
the seedbed and the size of the bed depend on 
the acreage of tobacco to be planted. One 
hundred square yards of bed properly cared 
for will furnish plants to set 3 or 4 acres. The 
actual preparation includes the removal of all 
bushes, roots and stumps, after which the soil 
should be plowed, disked and hand raked until 
a smooth surface is obtained. The seedbed 
sidewalls may be constructed of logs or boards, 
which should extend from 8 to 10 inches above 
ground level. All sidewall joints should fit 
snugly to shut out cold air drafts that may 
injure the young plants. Furthermore, the 
tight sidewalls are necessary to hold PDB 
(Paradichlorobenzene) fumes in when treating 


the beds for bluemold. The bed should be 
from 6 to 9 feet wide and as long as desired. 
Beds of this width are easily weeded, watered, 
topdressed and treated for bluemold without 
injuring the plants. Provide plenty of cross 
wires or supports to prevent the bed cover 
from sagging down on the plants. 

Treating the Beds: Many of the plants 
started in seedbeds have very small seeds, to- 
bacco being one of them. Tobacco seed germ- 
inate slowly, and, since weeds grow more rap- 
idly than tobacco plants, there is great need 
for weed control to prevent choking out of to- 
bacco plants and competition for plant nutri- 
ents. Weeds may be controlled in seedbeds 
by hand cultivation and pulling, but this 
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method is laborious and expensive. 

Where hand weeding is not used it has been 
a common practice to sterilize the soil used 
for seedbeds by burning wood over the area 
chosen for this purpose. The heat created 
thereby nsually destroys weed seeds as well 
as certain parasitic fungi and nematodes. A 
limited number of growers have also used 
steam pans for soil sterilization, but this is a 
very expensive method and equipment is not 
generally available. The practice of selecting 
new seedbed sites which are relatively free of 
weed seeds has been used by many growers. 
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stand of plants than treated uncovered plots. 
The stand of plants probably suffered from 
the high concentration of ammonia and re- 
sultant high pH. These experiments are ex- 
ploratory, but the data obtained were helpful 
in setting up subsequent experiments. All 
three materials mentioned above controlled 
weeds quite satisfactorily, but mole crickets 
were attracted to the plots treated with cotton- 
seed meal. A green algae also occurred on 
the soil surface which caused a rather high 
mortality of tobacco plants. Plots treated 
with calcium cyanamid and “Uramon” did not 


TABLE 1.—Relative Weed and Tobacco Plant Counts as Related to Cover and Rates of Applica- 











tion of “Uramon” and Calcium Cyanamid. 
Guinea - Covered | Uncovered 
Treatments Date Weeds per Tobacco per Weeds per | Tobacco per 
Applied Sq. Yard Sa. Yard Sq. Yard | Sq. Yard 

1% lb. “Uramon” Nov. 12 53 155 | 41 | 85 
% lb calcium | | 

cyanamid Nov. 12 77 125 80 | 117 
1 lb. ““Uramon” Oct. 12 4 67 10 | 101 
1 lb. calcium | | 

cyanamid Oct. 12 55 118 56 | 109 
Check 1001 1002 1003 | 1004 





1. weeds per square yard=100 

2. 1299 plants per square yard=100 

3. 767 weeds per square yard=100 

4. 1577 tobacco plants per square yard=100 


Fer this practice, areas which have never been 
cultivated have proven to be most desirable. 

In recent years many experiments have been 
initiated by research men in various parts of 
the country to study the feasibility of using 
various chemicals to kill weed seeds and soil 
inhabiting organisms. 

In 1942 the Florida Agricultural Experiment 
Station started experiments using cottonseed 
meal, “Uramon” and calcium cyanamide, and 
several types of ground covers (building pa- 
per, etc.) compared to no cover, to protect 
treated areas from wind blown seed, to con- 
serve soil moisture and to confine ammonia 
liberated after first working the material into 
the surface 4 inches of soil. These treated 
plots on which building paper was used showed 
excellent weed control but supported a poorer 


show this heavy green algae nor the mole 
cricket infestation. 

Experimental Results: During the fall of 
1943, “Uramon” and cyanamid were applied 
at the rates of % pound and 1 pound per 
square yard. These two materials were in- 
corporated into the surface 3 to 5 inches of 
soil. A part of each plot treated with “Ura- 
mon” and calcium syanamid was covered with 
building paper, and the remaining part of each 
plot was left uncovered. This cover was used 
to prevent weed seeds from blowing into the 
treated areas and also to prevent the rapid 
escape of free ammonia into the atmosphere. 
The plots were fertilized and planted in the 
usual manner early in January. The calcium 
cyanamid did not control weeds as satisfactor- 
ily as “Uramon”, Table 1. 


ee ee ee eel 
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The pound rate of calcium cyanamide was 
more effective than the % pound rate, in- 
dicating that this compound was not used at 
a sufficiently heavy application. On the check 
plots the relative weed population and number 
of tobacco plants per plot was rated as 100. 
A comparison of treatment without cover 
showed that calcium cyanamid applied at % 
pound rate had a weed population of 80 and a 
relative number of tobacco plants of 117. With 
the pound rate of cyanamid the weed popula- 
tion was 56 and the number of tobacco plants 
was 109. The cyanamid treatment seemed to 
retard early plant growth. No soil data were 
taken on the 1943 plots The plots were used 
three consecutive years prior as a seedbed 
area. With “Uramon” applied at % pound 
the weed population was 41 as compared to 
10 with the pound rate of application. The 
tobacco plants per square yard were 85 for 
the % pound rate of “Uramon” and 101 for 
the pound rate. These data show that the 
pound rate of “Uramon” gave excellent weed 
control without being injurious to the stand 
of tobacco plants. Similar results were ob- 
tained from the covered portion of these treat- 
ments except that the pound rate of “Uramon” 
was toxic to tobacco seedlings, Table 1. 

In the fall of 1944 a series of permanent 
seedbeds with concrete sidewalls were set up 
for detailed experiments to study further the 
use of “Uramon” and calcium cyanamid when 


TABLE 2.—Relative Weed and Tobacco Plant 
Counts as Related to Rates of Applying 
“Uramon” and Calcium Cyanamid. 





| Tobacco 
Date |Weeds per|Plants per 
| Applied | Sq. yard | sq. yd. 





% |b. “Ura-| | | 

mon” | Oct. 3 | 24 227 
\% lb. calci-| | 

um cya-| | | 

~— | Oct. 3 | 64 | 200 
1 . “Ura-| | | 

a | oe. 3 | 8 | 246 
1 lb. calci-| 

um cya-| | | 

namid | Ot. 3 | 24 | 174 
Check | | 1001 | 1002 





1 2310 weeds per square yard=100 
2. 399 plants per square yard—100 


covered and uncovered for weed, insect and 
disease control. Data obtained in the 1944 
season show a relative weed population of 100 
for the untreated plots as compared to 64 for 
% pound calcium cyanamid; 24 for 1 pound 
calcium cyanamid; 24 for 4% pound “Uramon”; 
and 8 for 1 pound “Uramon” when uncover- 
ed. 

The number of tobacco seedlings surviving 
per square yard averaged 100 for the check 
treatments; 200 for % pound of calcium 
cyanamid; 174 for I pound of calcium cya- 
namid; 227 for % pound of “Uramon”; and 
246 for 1 pound of “Uramon”. There is some 
indication that calcium cyanamid applications 
were slightly toxic to tobacco seedlings, but 
stands were greatly superior to the untreated 


TABLE 3.—Relative Weed and Tobacco Plant 
Counts as Related to Cover and Rates of 
Applying “Uramon”. (1944) 











| Covered Uncovered 

Treatments* a 5 

a o. Pars } 

Hae Fo ne Co 

Ts N a, Cry gX 

SF esas BF ead 
% lb. “Uramon” | 58 89 | 100 | 100. 
1% |b. “Uramon” 19 112 38 | 110 
1 lb. “Uramon” 4 |e | fo | oe 


*“Uraman applied November 21, 1944. Cover, 
building paper, removed January , 1945. 
Seeded January 15. Weed counts March 1, 
1945. 


477 weeds per sq. yard= 
1544 tobacco plants per sq. yard=100 


plots. These data were obtained without us- 
ing a soil cover. 

Because “Uramon” treatments gave the 
best weed control and satisfactory stands of 
tebacco plants in 1942 and 1943, detailed ex- 
periments were set up in the fall of 1944 with 
rates of “Uramon” with and without soil cov- 
ers. No non-treated plots were used because 
previous data showed that untreated plots 
were definitely inferior to plots treated with 
chemicals. This series of experiments with 
permanent tobacco beds was set up in coop- 
eration with the Soils, Pathology, Entomology 
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and Agronomy departments to study various 
phases of seedbed management including test- 
ing of chemicals for weed control, plant re- 
sponse, disease and insect control, soil ‘reac- 
tion, nitrogen accumulation, and root-knot con- 
trol. Data on weed and plant response are 
given in Table 3, and soil reaction data are 
found in Table 4. 

The “Uramon” plots with 4 pound applica- 
tion per square yard were used as check plots. 
The rate of application and weed population 
were as follows: % pound “Uramon” (not 
covered) was 100; “4% pound “Uramon” (cov- 
ered) 58; 4% pound “Uramon” (not covered) 
38; % pound “Uramon” (covered) 19; 1 pound 
“Uramon” (not covered) 19; and 1 pound 
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respectively. The pH measurements taken on 
January 23, February 9 and March 10 show 
a gradual reduction of the pH values. On 
March 10 the pH value for %, % and 1 
pound rates of “Uramon” were 5.71, 5.73, and 
6.79, respectively. The pH data show that 
the heavier applications of “Uramon’” pro- 
duced higher pH values than the lighter appli- 
cations and also maintained the high pH for 
a longer period of time. Soil cover was also 
effective in increasing pH values and =  main- 
taining higher values over a longer period of 
time than the uncovered area. In the covered 
area of the bed which received the 1 pound 
rate of “Uramon” stand was reduced after 
the weeds and plants were counted: thus, indi- 


TABLE 4.—The Effect of Rates of “Uramon” on Soil Reaction 





Rate of Applying “Uramon” 














Date of Sampling 1% Ib. “Uramon” % lb. “Uramon” | 1 lb. “Uramon” 
Open Covered Open Covered | Open | Covered 
pH | pH | pH | pH | pH | pH 

12/15/44 8.78 | 8.87 8.93 | 9.04 | 9.08 | 9.15 

1/2/45 8.14 8.13 8.65 | 8.92 8.98 9.18 

1/23/45 6.64 6.93 7.03 | 7.52 7.51 | 8.42 

2/9/45 5.97 6.07 6.49 | 7.05 7.22 | 8.12 

3/10/45 5.71 5.53 5.73 | 5.97 | 6.30 | 6.79 





“Uramon” applied 11/21/44 
Beds uncovered 1/2/45 
Virgin soil pH 5.90 


These data obtained by G. M. Volk, Department of Soils. 


“Uramon” (covered) 4. The seedling stands 
of tobacco plants were satisfactory for all 
treatments, but the best stands resulted with 
the 15 pound to 1 pound rates of “Uramon”. 
The data show that cover increased the toxi- 
city of the “Uramon’ greatly. The 1 pound 
rate of “Uramon” uncovered and the % pound 
rate covered gave optimum results. 

The pH of the untreated soil was 5.90. The 
amonia from the “Uramon” treatments in- 
creased the soil alkalinity greatly. The pH 
readings in December were as follows: 8.78, 
8.93, 9.08, respectively for 1/4, 1/2 and 1 pound 
applications of “Uramon” without a soil cover. 
The use of a_ soil cover increased the pH 
slightly at this date. On January 2 the pH 
readings for the 1/4, 1/2 and 1 pound rate 
applications of “Uramon” were 8.14, 8.65, 8.98, 


cating that the serous root injury was caused 
by the exceedingly high pH and amonia con- 
centration. This condition did not exist in the 
other treatments, thus, indicating that a longer 
period of time is necessary between removing 
the cover and the planting date or more fre- 
quent cultivation is needed to free the ammonia 
from the soil. The significance of soil pH as 
a measure of effectiveness of soil treatment 
is apparents when pH values and weed counts, 
irrespective of treatments, are correlaetd. 


These data give only weed and plant counts, 
but in results reported by Virginia Agricul- 
tural Experiment Station, (1) fairly good re- 

(1) Henderson, R. G. Methods of steriliz- 

ing plantbed soil. Abs. Proc. Va. Acad. 
Se. 1937-38, p 45. 1938. 
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sults were noted from the “Uramon” in check- 
ing Thielaviopis basicola (black root rot) in 
young tobacco seedlings; whereas calcium 
cyanamid did not give as good contral. The 
soil flora was influenced by chemical treat- 
ments. Calcium cyanamid stimulated the soil 
organism while “Urnamon’”’ had a depressing 
effect. The Georgia Coastal Plain Experiment 
Station(2) states that “Uramon” materially 
controlled root-knot in seedbeds. The use 
of calcium cyanamid as reported by Dr. E. E. 
Clayton (*) of the U: S. D. A. Tobacco Office, 
produces a more favorable media (alkailne) 
for the development of T. basicola. 

Summary and Conclusion:. Three year’s 
work on the use of chemicals for controlling 
weeds in tobacco plant beds at Gainsville has 
been recited. 

The first year’s work was preliminary but 
indicated that “Uramon”, calcium cyanamid, 
and cottonseed meal, if applied at 1 pound 
per square yard of “Uramon” or its equivalent 
in nitrogen in October before regular time for 
seeding beds in late December or early Jan- 
uary, would give weed control. Results in 
1942 were in favor of the “Uramon”. 

The second year’s work, 1943, using “Ura- 
mon” and calcium cyanamid at 1 pound and 
1/2 pound per square yard respectively and 
comparing covering the soil versus not cover- 
ing after working the chemicals in showed 
that either materal at ether rate gave weed 
control with the results being in favor of 
the 1 pound “Uramon”’, covered, for maximum 
weed control but quite satisfactory weed con- 
trol and plant growth when not covered. 

The third year’s work, 1944, using cal- 
cium cyanamid and urea (“Uramon”) at 1/2 
and 1 pound per square yard rates, respec- 
tively, and not covering the ground after work- 

(2) Georgia Coastal Plain Experiment 

Station Circular No. 22. 

(8) Clayton, E. E. et. al. Soil treatments 
for tobacco plant beds. Abs. Phytopath. 
3:16. 1941. 


ing teh chemicals into the soil in October and 
planting the beds as usual in early January, 
showed good weed control for both at 1 pound 
rate with the urea leading in weed control and 
better stand and growth of tobacco plants. 

Using urea “Uramon” at 1/4, 1/2 and 1 
pound per square yard rates, respectively, cov- 
ered and not covered after working in the soil 
November 23, 1944, and planting the beds in 
the usual manner January 15, 1945, the urea 
at the 1 pound rate, covered, gave the best 
weed control but poor tobacco plant prowth 
compared to. quite satisfactory weed control 
and excellent stand and growth of tobacco 
plants on plots treated with urea at 1/2 pound 
per square yard and covered after working into 
the soil. 

The results of all experiments conducted at 
Gainesville for the past three years are slightly 
in faror of urea ‘“Uramon” over calcium 
cyanamid for control of weeds in bright tobacco 
plant beds. 

The following is a brief outline on how these 
treatments may be used for best results: 

One hundred pounds of either “Uramon” or 
calcium cyanamid my be broadcast per 100 
yards of plant bed. If “Uramon”’ is not avail- 
able calcium cyanamid may be used. This 
should be applied 90 to 100 days in advance of 
seeding or about October 1 for best results. 
The chemicals should be worked into the top 
8 to 4 inches of soil, then the soil should be 
leveled. It is best to destroy or disk down 
all high weeds around the seed bed area to 
prevent wind blown seeds from contaminating 
the seedbed after treatment. If it is exceed- 
ingly dry when this treatment is made, it is 
advisable to apply, by sprinkling, about 150 
gallons of water per each 100 yards immedi- 
ately after treatemnt. 

Cultivation should not be practiced until 
the seedbed is fertilized prior to seeding. Cul- 
tivation in preparation for seeding should not 
be deeper than the depth of soil treated, other- 
wise viable seed may be brought up from 
below the treated zone. 
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SWEET CORN VARIETIES 
FRED H. HULL 


Florida Agricultural Experiment Station, Gainesville 


Nearly all varieties of sweet corn which are 
now grown to any extent in the United States 
are hybrids. Each hybrid is a first generation 
cross of two strains or lines which have been 
artificially inbred until they are true breeding 
or uniform in type. This uniformity carries 
into a first generation cross but no further. 

One of the first sweet corn hybrids to be- 
come popular was Golden Cross Bantam. 
Within a few years after its release consider- 
eble more than half of all sweet corn in the 
United States was this one hybrid. More re- 
cently other hybrids have supplanted Golden 
Cross Bantam in many places. 

The situation in Florida is much like that 
of the country as a whole in these respects. 
Golden Cross Bantam was recognized as defin- 
itely superior to most or all of the old sweet 
corn varieties, eight or more years ago. The 
old varieties were rapidly replaced. More re- 
cently newer hybrids are beginning to supplant 


Golden Cross Bantam. The main ones are 
Ioana and Illimois Golden Hybrid No. 10. An- 
other hybrid, Tristate, has appeared quite 


promising in various trial plantings over the 
state in 1945. 

A few other hybrids included in Experi- 
Station trials also showed sufficient 
promise to warrant testing them again but 
they need not be named here. Some of them 
have no seed available in commercial quani- 
ties. 


ment 


One variety of swet corn which is not a 
hybrid in the sense that two pure parent 
strains are maintained to produce the cross 
again each year is U. S. 34. This variety 
was bred by the Experiment Station at Maya- 
guez, Puerto Rico. U. S. 34 has gained some 
favor in Southern Florida under conditions 
where northern corn varieties of any kind are 
very poorly adapted. It is true sweet corn 
with rather good flavor but it is tough in com- 
parison with any of the hybrids named above. 

Anyone familiar with the sweet corn hybrid 


varieties grown in Florida will probably agree 
that none of them seem to be near to an ideal 
tpye. Probably no one type will be found best 
for all conditions. The sweet corn breeding 
work by the Experiment Station since 1935 
has been aimed at the development of high 
quality with a larger plant comparable to 
Trucker Favorite or Southern Snowflake. This 
type of corn requires 10 days or more longer 
growing season than the bantam type hybrids. 

Recently the growing of Snowflake and other 
roasting ear varieties as a main crop in the 
Ft. Meade and Alachua areas has been almost 
entirely abandoned. Acreage of the new hybird 
sweet corn varieties following highly fertilized 
truck crops has been increased considerably. 
Here the earlier type is probably more desir- 
able. 

For some years now it has been pretty gen- 
erally agreed that a long tight husk covering 
provides considerable protection against dam- 
age of roasting ears by the corn ear-worm. 
With adverse growing @nditions and heavy 
worm population, however, husk protection 
is by no means adequate. Further, extra long 
husks may prevent full appearance of silks 
and adequate pollination. 

New materials and methods of insect con- 
trol by dust or spray may in the future pro- 
vide feasible means of controlling wroms. But 
even in that event a tight husk covering of 
medium length would seem desirable as a 
safety measure. 

Hybrid corn varieties such as Golden Cross 
Bantam, Ioana, and II]. Golden Hybrid No. 10 
are grown in the north primarily for canning. 
In Florida they are grown entirely for fresh 
roasting ears. The characteristics of high 
quality in fresh roasting ears and canned corn 
are in general identical. However, the trend 
in yellow bantam type corn for canning is re- 
cently towards narrower kernels. The con- 
sumer probably considers the narrower and 
smaller kernel to be evidence of young tender 
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corn. Actually the high quality of Golden Ban- 
tam to be eaten from the cob seems to be due 
in a considerable measure to its wide kernel. 
The wide kernel, yellow bantam type is in high 
favor as a fresh roasting ear and probably will 


continue to be so. Development of the fresh 
roasting ear industry of Florida will probably 
be hastened if caution is exercised in substitut- 
ing higher preducing varieties for varieties 
of the best quality. 





CHEMICAL TREATMENTS OF SOIL FOR 
SEEDBEDS AND GARDENS 


W. B. TISDALE 


Florida Agricultural Experiment Station 


Gainesville 


During the last few years several chemicals 
have been placed on the market as soil fumi- 
gants. The principal uses for which these 
chemicals are recommended are for eradicating 
the root-knot nematode, weed seed, or soil in- 
habiting parasites. Some of them are reported 
to be beneficial for two or all three purposes 
under certain conditions. A few of these 
chemicals have been tested during the last two 
years for one or more purposes by several 
departments of the Experiment Station at 
Gainsville and Branch Stations with various 
degrees of success. 


In 1945 soil treatment experiments were 
performed with heavy dosages of chloropicrin, 
calcium cyanamid, DD (dichloropropane-dich- 
loropropylene mixture) and uramon for com- 
paring their effectiveness in controlling para- 
sitic fungi, nematodes, and weeds. These ex- 
periments were set up in an approved manner 
for statistical analysis of the data. The soil 
was a Norfolk sandy loam with a reaction 
of about pH 7.0, and was known to be infested 
with the root-knot nematode and Rhizoctonia, 
the common fungus that causes damping-off. 
It was also infested with nutgrass and seeds of 
several other weeds. 

Seedbed 

In the seedbed tests, all of the plots were 
fertilized alike before the treatments were ap- 
plied. The uramon was applied at rates of 1/2 


pound and 1 pound per square yard 24 days 
before planting the seed. The material was 
dug into the soil to a depth of 5 to 6 inches 
and the soil was kept moist and stirred twice 
before the seed were planted. The chloropicrin 
and DD were applied with hand injectors, using 
one injection per square foot at a depth of 6 
inches. Chloropicrin was used at the rate of 
2-1/2 cc. per injection (400 Ibs. per acre) and 
the DD at 6 cc. per injection (700 lbs. per 
acre). After these materials were applied, a 
water seal was maintained on the plots for 
24 hours.after treatment by watering to keep 
the soil surface wet. The soil in all plots was 
stirred immediately before planting. 

Test crops used in the seedbed experiment 
were cabbage, lettuce, spinach, and tomato. 
One hundred seed of each variety were used 
for each of the 5 replications. All seed were 
planted on March 15. The beds were watered 
as needed to provide good growing conditions. 
The data were recorded 34 to 39 days after 
the seed were planted and the analyses are 
shown in Table 1. Although there were differ- 
ences in extent of nematode infestation among 
plants of the same treatment, and between 
treatments, the plants were not scored on this 
basis. All plants showing one or more galls 
were placed in the infested category. 


All the treatment materials caused some re- 
duction in weed population, some more than 
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others. Uramon at the rate of 1 pound per 
square yard prevented practically all weed 
growth during the period of experimentation, 
but at the 1/2 pound rate, it was less effective. 
DD ranked second in weed conrtol. No nut- 
grass and only a few other weeds appeared in 
the plots. Chloropicrin was slightly less ef- 
fective against nutgrass than DD and about 
equal to it in preventing growth of other 
weeds. 

Uramon at the 1 pound rate caused signifi- 
cant reductions in final stands of all varieties 
except spinach, and the plants that emerged 
grew slowly during the first 3 weeks after they 


TABLE 1. Effect of Soil Treatments on Final 
Final Stand, Nematode Infestation and 
Growth of Vegetable Seedling—Means of 5 
Replications, 100 Seed per Replication. 








: 25 2. 
rn 2 eee +s 
Soil Treatment = 5 ao 5 fo 2 
= 2 en2gd = § 
£5 S85 $98 
Ba Bosh <n 
Cabbage 
None | 464 | 86 | 4.6 
DD 34.8 | 0.0 | 11.7 
Chloropicrin 46.2 0.0 11.0 
Uramon, % lb. 36.0 | 00 | 6.0 
Uramon, 1 Ib. 3.0 | 0.0 2.7 
L. D., Odds 19:1 122 | ns.* 4.4 
Lettuce 
None | 48.2 | 206 | 3.0 
DD | 862 | 00 | 59 
Chloropicrin 50.2 | 13.5 ‘a 
Uramon, % Ib. 56.4 31.7 | 2.5 
Uramon, 1 lb. 15.6 3.0 | 1.3 
L. D., Odds 19:1 | 18.9 | 22.2 | 3.0 
Spinach 
None | 27.6 90.4 4.7 
DD 14.8 12 | 15.6 
Chloropicrin 60.0 37.5 | 9.1 
Uramon, '% lb. 50.0 | 510 | 5.2 
Uramon, 1 lb. 21.6 | 3841 | 5.5 
L. D., Odds 19:1..| 18.0 | 41.0 | 4.9 
Tomato 
None | 67.0 | 57.6 | 1.9 
| 644 | 00 | 6.5 
Chloropicrin | 716 | 290 | 68 
Uramon, '% lb. | 72.6 12.5 | 28 
Uramon, 1 lb. | 442 | 00 | 1.8 
L. D., Odds 19:1 | 17.2 | 316 | 22 





*Difference not significant 
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emerged. It is apparent, therefore, that the 
interval between application of this material 
and planting the seed was too short. Uramon 
at the 1 pound rate provided good control of 
root-knot with all crops except spinach. With 
this crop the knots occurred on the lower parts 
of the long tap roots, indicating that the kill- 
ing effect does not advance downward. At the 
1/2 pound rate, uramon was less injurious to 
the seed and also less effective in controlling 
nematode, although it significantly reduced the 
infestation of spinach and tomato. Neither 
dosage caused any significant increase in 
weight of any crop, but this was apparently due 
to planting the seed too soon after the soil 
treatment. 

Chloropicrin caused a significant increase 
in final stand and a decrease in nematode in- 
festation of spinach only. Athough it caused 
some decreases in nematode infestation of all 
other crops, the differences were not signifi- 
cant. On the other hand, it caused considerable 
increases in weights of seedlings of all crops, 
and the plants were strong and vigorous, 

DD caused slight decreases in final stand of 
all crops, but none of the decreases were 
significant. On the other hand, it was the 
most effective treatment in reducing nema- 
tode infestation and was about equal to chloro- 
picrin in increasing the weight of seedlings 
of all crops, except spinach. 

Garden 

Calcium cynamid, chloropicrin, and DD were 
compared as soil fumigants in the garden. The 
cynamid was applied in November, 1944, at 
the rate of 1 pound per square yard. It was 
broadcast by hand at 2 sowings and dug into 
the soil to a depth of 5 to 6 inches. After it 
was applied, the ground was watered and 
kept moist throughout the winter, Chloropicrin 
was applied at the rate of Z1i/2 cc. per square 
foot (400 pounds per acic) and the DD at 6 
ce. per square foot (700 pounds per acre). 
After these materials were applied, a water 
seal was maintained on the plots for 24 hours 
and an interval of 9 days was allowed between 
treatment and planting the seed or plants. 

Henderson bush lima bean, snap _ bean, 
tomato, and yellow straightneck squash were 
used as test crops. Fifty seed of each variety 
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of bean, 12 squash plants, and 5 tomato plants 
were used on each plot, and the plots were re- 
plicated 3 times. Several squash seed were 
pianted in each hill and tre plants were thinned 
to 2 to a hill, and the «mato plants were 
transplanted to the plots. All seed and the 
tomato plants were planted on March 16. 

The soil was of the Norivtk series with re- 
action about pH 6.7. It was heavily infested 
with nutgrass, but comparatively few other 


TABLE 2. Effect of Soil Treatment on Final 
Stand, Nematode Infestation and Yield of 
Vegetable Crops—Means of 3 Replications. 








& S = 
cS. $2 3... 
Soil € 882 Sse “58 
m=ZO2 Sd SHO SHE 
Sey SS o2 = vo 2 oS Fay S 
ESS Ses S45 Bs 
Ene Mom Zsa aeo 
Snap Bean 
None ..| 69.6 | 426 | 41.3 | 73.6 
Cyanamid | 846 | 27.3 | 42.3 | 36.6 
hloro- | | | | 
picrin...| 90.0 | 103 | 3.0 | 1076 
D ccas) WES | See | 0.0 | 3.6 
L.D., | | | | 
Odds 19:1) 46 | 143 | ns.* | 42.2 
Lima Bean 
None | We | | 72.6 | 49.6 
Cyanamid .|| 66.6 | | 882 | 82.0 
Chloro- | | 
picrin ...| 94.0 | | 38.1 | 86.0 
De... WES | | 00 | 177.6 
L. D., | | | 
Odds 19:1] n.s.* | | 46.0 | 26.4 
Squash 
rs cecacves es) Ge | Sea 
ee ee | 386.1 | 185.0 
Chloropicrin «| SOS | See 
ie, ORs 5.5 | 270.6 
bE. D., Gade 10r1........ | 28 | 411 
Tomato 
MON a oo raeuse Rees 1 100.0 | 427.3 
Cyanamid ey ae | 100.0 | 365.3 
Chloropicrin ...... ceteeceel See | Tea? 
DD ee 6.6 | 541.0 
L. D., Odds 19:1 | 25.6 | 184.8 





* Difference not significant. 


weeds. Crops grown on it the previous year 
indicated a heavy infestation of nematode and 
Rhizoctonia. 


The final stands of the beans were recorded 


and all crops were grown to maturity. At the 
end of the production period the plants were 
removed from the soil and records made of 
nematode infestation and Rhizoctonia injury. 
Analysis of the results are shown in Table 2. 

These data show that all soil treatments in- 
creased the final stand of snapbeans and that 
chloropicrin was significantly better than any 
of the other treatments in this respect. With 
lima beans there were some differences be- 
tween treatments in this respect. With lima 
beans there were some difference between 
treatments but the differences were not 
significant. Final stand of squash and to- 
mato were predetermined and was not af- 
tected by the soil treatments. 


Rhizoctonia infection, manifest as stem 
cankers or stem rot, was conspicious only on 
snap bean. Cyanamid and chloropicrin signi- 
ficantly reduced this type of injury, chloro- 
picrin being much more effective than cyana- 
mid. 

For nematode control, DD was most effec- 
tive with all crops and chloropicrin ranked 
second. Cyanamid caused reduction in nema- 
tode infestation only with squash. 

Chloropicrin and DD caused considerable in- 
creases in yield of fruit with all crops except 
squash. In this respect, chloropicrin was 
slightly better than DD, but the differences 
were not significant. Cyanamid caused some 
reduction in yield in all cases, but the de- 
creases were significant only with squash. This 
reduction in yield of fruit and the typical mar- 
gin burn of the leaves which persisted through- 
out the season on the crops indicated that the 
cyanamid was still toxic to these crops. 

All three of the chemicals reduced the weed 
population to a considerable extent. Chloro- 
picrin and DD were about equally effective in 
eradicating nutgrass and better than cyanamid. 
However, cyanamid was more effective against 
other weeds than either of the other chemicals. 

All of the 4 crops were much more vigorous 
on the plots treated with chloropicrin or DD 
than on the non-treated plots or the ones 
treated with cyanamid. In addition to produc- 
ing slightly greater yields, the crops in plots 
treated with chloropicrin were more vigorous 
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than the ones in plots treated with DD, in 
spite of the fact that DD was more effective 
than chloropicrin in eradicating nematode. 
Results of these tests indicate that all the 
materials except cyanamid are beneficial in 
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controlling certain pests and increasing yields 
under conditions of the experiment. However, 
the high costs of treatments indicate that 
they can be profitably applied only where the 
value of the crops will justify the expense. 





TEST ON SOME NEW ORGANIC FUNGICIDES 


A. L. HARRISON 
Vegetable Crops Laboratory 
Florida Agricultural Experiment Station 


Bradenton 


Several experiments have been conducted 
at the Vegetable Crops Laboratory and co- 
operative field tests have been carried out with 
commercial growers on the relative value of 
the new organic fungicides for the control of 
earlyblight, Alternaria solania (Ell. and Mart.) 
Jones and Grout, and grey spot, Stemphylium 
solani Weber, on tomatoes, and downy mildew, 
Peroneplasmopara cubensis (B. and C.) Clint, 
on cucumbers. In some of the tests on toma- 
toes, foliage diseases were of no consequence 
so that the only information obtained was 
on the effect of the materials on the plants. 
Some of the materials were put on with hand 
sprayers while others were put on with power 
machines with pressures of 250-350 pounds 
per square inch at the pump. The number of 
nozzes varied on the power sprayers from 2-6 
nozzles per row depending onthe size of the 
plants and whether the plants were staked or 
on the ground. Attempts were made to ad- 
just the nozzles so as to gev as nearly com- 
plete coverage as possible. In all tests the 
treatments were replicated and randomized 
according to recognized statistical methods. 
All tomatoes were harvested a the mature 
green wrap stage. 

Experiments on Toma ves 

The first test was conducted in che spring of 
1943 in which 15 sprays were aj plied with a 
hand sprayer at approximately weekly inter- 
vals. The data are presented in Table 1. Foli- 


age diseases were of little consequence. 
Yellow cuprocide was the only spray that gave 
a significant increase in yield over the un- 
sprayed, but it was not significantly better 
than zerlate plus manganese sulfate or 
spergon. Bordeaux mixture as is so frequently 
true when foliage diseases are absent, caused 
a significant reduction in pounds of marketable 
fruit. 

The scond experiment was conducted in the 
spring of 1944 when both early blight and grey 
spot were of major importance in practically 
every tomato field in Manatee and Hills- 
borough Counties. Severe defoliation resulted 
early in most fields. This and other factors 
were responsible for many crop failures on 
tomatoes. The situation in the plots at the 
Vegetable Crops Laboratory was similar to 
that in the commercial fields. The plants in the 
unsprayed plots were defoliated, except for the 
growing tip, early in the season; and there was 
some defoliation even in the best of the 
sprayed plots. As in the previous year the 
sprays were applied with the hand sprayers, 
but because of the weather and lack of suffi- 
cient help only five applications were made. 
It is highly probable that if the sprays could 
have been better timed and applied more fre- 
quently, better disease control would have 
been obtained. Nevertheless the data as pre- 
sented in Table 2 show that copper compound 
A, zerlate plus fermate, thiosan, dithane, zer- 
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late and spergon all gave significant increases 
in yield over the unsprayed. There were no 
significant differences among these six sprays. 
Bordeaux mixture gave some disease control 
but because of the injury the yields were not 
significantly better than those of the check. 
In the third experiment conducted in the 
spring of 1945, 9 sprays were applied at week- 
ly intervals on staked tomatoes. The first two 
applications were made with hand sprayers 


TABLE 1. 


Spray Treatment 


Yellow cuprocide 1.5-100*** 

Zerlate, manganese sulfate 2-3/8- 100**. 
Spergon 4-100 ae eet, ee eerie 
Copper compound A 5- 100** 

Fermate 4-100** 

Thiosan 2-100** 

Tribasic copper sulfate 4- 100*** 
Copper oxychloride sulfate 44% 5-100*** 
Copper oxychloride sulfate 53% 4-100*** 


Fermate, zerlate, manganese sulfate 1-1-3/8- 100**. 


Spergon 2-100 
Zerlate 4-100** 


Check 
Bordeaux mixture 8- 8- 100**# 


* 


Zerlate, manganese sulfate, copper sulfate 2-3/8-3, 8- 100** 


Bier aie ls eters washed Tera . 645 


Fermate, zerlate, manganese sulfate, copper sulfate 1- 1-3/ 8-3 / 100** 
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pelled power sprayer. The sprayer was de- 
signed to spray 8 rows of tomatoes at one 
time. The first application was made with two 
nozzels per row but all later ones were made 
with 4 nozzles per row. The individual plots 
were approximately 1 acre in size. The sprays 
were duplicated and randomized. Eight appli- 
cations were made in all at weekly intervals. 
Because of the size of the plots it was only 
possible to get the number of field crates, of 


Effect of Some Sprays on the Yield of Tomatoes, Spring 1943. 


Pounds of Marketable Tomatoes 

on 250 Plants* 
754 
698 
684 
666 
662 
658 
656 
652 
652 
650 
646 


641 
. 639 
634 
550 


Totals must differ by83 for significance at odds of 19:1. 


** Dupont spreader sticker was used at 5 oz. to 100 gal. 


*** Acco was used at 1 Ib. to 100 gal. 


while the last four were made with a custom- 
built power sprayer adapted so as to spray 
four rows of staked tomatoes at one time. 
Pressures of 250 pounds per sq. inch were used, 
with four nozzles per row. The number of 
nozzles per row was increased to six for the 
last two applications. The data are presented 
in Table 3. Leaf diseases were of little or no 
consequence. All sprays increased the yields 
but none of the differences were statistically 
significant. 

The fourth experiment was a cooperative test 
with Mr. Paul Dickman, Ruskin, Fla., in which 
5 sprays were applied with a large self pro- 


approximately 2 bushels each, of field run 
tomatoes. The data are presented in Table 4. 
Copper compound A, zerlate, dithane and fer- 
mate plus zerlate all gave approximately the 
same yield per acre. The fermate plots yielded 
considerably less than the others although the 
differences are quite significant. No un- 
sprayed plots were included in this test. 
Experiments on Cucumbers 

In the late fall of 1943 a spray test was con- 
ducted on cucumbers for the control of downy 
mildew in which 7 sprays were compared with 
the unsprayed. Four applications were made 
with hand sprayers, the first being made after 
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the first appearance of downy mildew. The 
experiment was terminated after only three 
pickings because of a severe dry, cold north 
wind which severely burned the leaves in all 


TABLE 2. Effect of Some Sprays on Yields 
of Tomatoes, Spring 1044. 
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deaux mixture gave fair control of downy 
mildew but caused so much injury that the 
yields fell below those of the other sprays. 

In a cooperative test with Mr. Paul Dickman 


in the Control of Early Blight and Grey Spot 


Treatment Pounds of Marketable Tomatoes 
On 240 Plants* 
Cooper Compound A 5-100**. .............. s - 269.4 
Zerlate, fermate 1.5-1.5-100** 253.2 
Thiosan 3-100** 253.2 
Dithane, zine sulfate and lime 2-1-.5-100 245.5 
Zerlate 3-100** 243.6 
Spergon 3-100 ena eer ae ates 233.9 
Copper oxychloride sulfate 44% 5-100*** 204.5 
IN oar care ub braararavoesew eens 184.4 
Yellow cuprocide 1.5-100***................... 181.1 
U. S. Rubber Co. No. 604, zine sulfate and lime 1-1-.5-100 178.8 
Deraesax mixture ©S-100"**..... 2... ess 157.3 
I ease tt roe ages Bara tk al elas 134.9 
* Totals must differ by 49.9 for significance at odds of 19:1. 

** Dupont spreader sticker was used at 5 oz. to 100 gal. 

*** Acco was used at 1 Ib. to 100 gal. 
TABLE 3... Effect of Some Sprays on the Yield of Tomatoes, Spring 1945. 
Treatment Pounds of Marketable Tomatoes 

On 320 Plants* 

U. S. Rubber Co. A03 2-100 ey ee 759 
Fermate 2-100** 758 
Spergon 3-100 RV en eee eae ste 752 
ee IE os  oi's accent gave loveia acerca susie miele ateadeialasiae eas ea ty 748 
a RARE SSR AS aes, Seat eS OO NN OS At RS ig NE Me aE CCE tats Seraak 747 
Zeralte 2-100** 720 
U. S. Rubber Co. 604 .75-100 679 
Dithane, zine sulfate and lime 1.5-1-.5-100 677 
Fermate, zerlate 1-1-100** 648 
__, SRR aN 8 AAS Peete ee ene Err ee POM ea, Oe 612 

7 


** 


plots. Nevertheless some striking differences 
were obtained between the different treat- 
ments as is shown by the data presented in 
Table 5. All treatments were significantly 
better than the check, and fermate, spergon, 
pyrox and copper compound A were signifi- 
cantly better than bordeaux mixture. Bor- 


Differences are not significant with odds of 19:1 
Dupont spreader sticker was added at 2 


oz. to 100 gal. 


in the spring of 1945 fermate 3-100 plus Du- 
pont spreader sticker 5 oz. to 100 gal., dithane, 
zine sulphate and lime 2-1.-.5-100 and copper 
compound A 2-100 at first, and later 4-100 
were applied on duplicated and randomized 
plots, each approximately 1 acre. Eleven ap- 
plications were made in all, spaced from two 
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to six days apart using a large self-propelled 
power sprayer adapted to spray 8 rows at a 
time. The stand was so uneven that yield re- 
cords were not attempted but all treatments 
gave good control on downy mildew. Some 
adjacent unsprayed fields were defoliated be- 
fore the cucumbers were ready for harvesting, 
indicating the efficiency of the sprays. Al- 


TABLE 4. Effect of Some Sparys on the Yield 
Ruskin, Spring of 1945. 


Treatment 


Fermate 2-100**. 

Fermate + zerlate 1-1- 100**. 
Zerlate 2-100**. ee Ne ee ae eae ee 
Dithane, zine sulfate and lime 1.5-1-.5-100 
Copper compound A 4-100** 


* 


** 
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had caused relatively little damage. 
Summary 

Several of the new organic spray materials 
appear to have some promise as fungicides on 
tomatoes and cucumbers. Zerlate, dithane, 
spergon and a combination of zerlate and fer- 
mate all gave significant increases in yield on 
tomatoes where early blight and grey spot 


of Tomatoes in a large Cooperative Test at 


Yield in crates on 
approximately 
two acres* 
180 
245 
289 
274 
260 


These figures are in crates of field run tomatoes of approximately two bushel capacity. 
Dupont spreader sticker was added at the rate of 2 oz. to 100 gal. 


TABLE 5 Effect of Some Sprays on the Control of Downy Mildew of Cucumbers, Fall of 1943. 


Treatment 


Number of good cucumbers 


Fermate 3-100**. 
Spergon 2-100 
Pyrox 6-100*** 
Spergon 4-100 
Copper compound A 5- 100**. 
Fermate 1.5-100**... 
Bordeaux 8-8-100*** 
Check 


Geves 


on 600 ft of row* 

660 
481 
472 
449 
443 
421 
285 
165 


* Totals must differ by 112.1 fro significance at 19:1. 


** 
KK 


Acco was used at 1 lb. to 100 gal. 


though no differences among treatments in 
the control of downy mildew were observable, 
there was a distinct difference in their effect 
on the build up of the aphis population. On 
May 9, during the peak of harvest the plots 
were examined thoroughly for aphids. Both 
fermate plots were heavily infested. It was 
difficult to find a clean vine in either of the 
plots. The infestation on the copper compound 
A plots was severe though not as bad as on 
the fermate plots. On the dithane plots some 
areas could be found where the apids had be- 
come established but these were scattered and 


Dupont spreader sticker was used at 5 oz. to 100 gal. 


were serious. The increases were comparable 
to the best of the insoluble copper sprays. 
Even in seasons where foliage diseases were 
not serious, several of these organic ma- 
terials gave increases in yield of marketable 
fruits though the differences were not quite 
significant. 

On cucumbers fermate,dithane and spergon 
gave as good or better control of downy mildew 
as copper compound A and pyrox. In one test 
frequent applications of dithane materially re- 
tarded the development of aphids on cucum- 
bers. 
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THE AMMONIUM THIOCYANATE TREAT- 
MENT FOR HASTENING THE SPROUTING 
OF DORMANT BLISS TRIUMPH 
POTATOES 


G. R. TOWNSEND 
Everglades Experiment Station 
Florida Agricultural Experiment Station 


Belle Glade 





It has been recognized for several years (*) 
that it is necessary to treat potato seed pieces 
to hasten sprouting when dormant seed stocks 
are used for planting. In the Everglades area 
the seed stocks received from the north for 
early fall planting are dormant, as also are the 
homegrown stocks sometimes used to plant 
the spring crop. Denny (') (2) was the first 
to develop successful chemical treatments 
which would force dormant potato seed pieces 
to sprout. Following his suggestions we (*) 
have adapted the ethylene chlorhydrin treat- 
ment to the needs of Everglades potato 
growers in experiments covering a period of 


TABLE 1. 
planted Sept. 23, 1943. 


seed pieces in 1 and 1% percent solutions of 
ammonium thiocyanate for one hour was likely 
to cause the seed pieces to rot. Likewise, 
instant diping of the seed pieces in 2, 242 and 
3 percent solutions was injurious. It was 
found however, that freshly cut seed pieces 
could be dipped safely in 1/2 and 1 percent 
solutions of ammonium thiocyanate, and that 
the seed pieces would sprout earlier when so 
treated. 

In 1943 it was found that the best results 
were obtained when 3/4 percent or 1 percent 
solutions of ammonium thiocyanate were used. 
It made little difference whether freshly cut or 


Percentage of seed pieces sprouted and yield in potato seed treatment experiment, 











Treatment Percent Sprouted Rushels per Acre 
None 6.73 | 112 
1.75 Ethylen echlorhydrin 91.8 } 227 
1% ammonium thiocyanate 95.5 224 
Least significant difference 8.1 48 


13 years. Denny (') (2) also had forced 
sprouting of dormant tubers by soaking cut 
seed pieces in solutions of the sodium, potas- 
sium and ammonium thiocyanates. These 
treatments have not been regarded favorably 
because the sodium and potassium thiocyanates 
sometimes caused the seed pieces to rot, and 
because soaking for an hour is inconvenient 
for extensive operations. 

Experiments were begun in 1942 to deter- 
mine whether the ammonium thiocyanate treat- 
ment could be adapted to local needs. In that 
year it was learned that soaking freshly cut 


callused seed pieces were treated. Stands and 
yields were better when allowed to stand for 
18 hours. The percentage of seed pieces 
sprouted and yield of tubers with this treat- 
ment compared favorably with the ethylene 
chlorhydrin treatment. 

The experiments in 1944 confirmed the ear- 
lier work, and showed that while ammonium 
thiocyanate treated seed pieces sprouted some- 
what slower than ethylene chlorhydrin treated 
seed pieces, the final stands and yields were 
equal to or better than those obtained by using 
ethylene chlorhydrin. Both treatments forced 
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early sprouting, increased the final stand, 
hastened maturity and increased the yields. 

Seven growers made field trials of the 
ammonium thiocyanate treatment in 1944. 
Each of the growers obtained better stands 
with this treatment than with the 1:75 ethylene 
chlorhydrin dip treatment. Yields were com- 
pared on these plots by four growers who 
found that they obtained, on the average, forty 
bushels per acre more potatoes with the am- 
monium thiocyanate treatment. 

The ammonium thiocyanate treatment is rec- 
commended to growers on the basis that it 
gives as good or better results than ethylene 
chlorhydrin; that it permits a more conven- 
ient schedule of operations; and that it is 
safer to use. Furthermore, it appears that 
potatoes grown with this treatment generally 
produce a cleaner crop than those grown from 
ethylene chlorhydrin treated stock. This is 
apparently due to an effect on potato scab 
which is still being studied and will be reported 
in a later paper. The hot formaldehyde treat- 
ment for scab should not be ommitted when 
this dormancy treatment is used. 

The ammonium thiocyanate treatment as 
recommended is quite simple. The boxes of 
freshly cut seed pieces should be dipped for 
an instant in a solution containing 3 pounds 
of ammonium thiocyanate in 50 gallons of 
water. After dipping, the excess solution 
should be allowed to drain back into the tank 
and then the boxes may be stacked overnight. 
The treated seed should be planted the follow- 
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ing day. As with the ethylene cholrhydrin 
treatment, it is best to treat late in the day 
to obtain the advantage of temperaturts below 
80° F and to stack the boxes of treated seed 
so that they are protected from the sun, wind 
or rain, but with some ventilation. An open 
packing shed platform is a suitable site for 
the operations involved. 

Fifty gallons of the treating solution is 
enough for the treatment of 100 boxes of pota- 
toes. When larger quanities of potatoes are to 
be treated it suffices to add more of the treat- 
ing solution to the tank as it wastes away and 
becomes too low to submerge the boxes. The 
dirty solution should be disposed of after each 
days run of treatments. Since the solution is 
corrosive to metal, wooden tanks and boxes 
should be used. The chemical and waste solu- 
tion should be carefully disposed of since it is 
slightly poisonous if taken internally by men 
or animals. 
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IMPORTANCE OF FERTILIZER NITROGEN 
‘FOR CABBAGE PRODUCTION ON SANDY 
SOILS IN NORTHEAST FLORIDA 


E. N. McCUBBIN 
Potato Laboratory 
Florida Agricultural Experiment Station 
Hastings 


Introduction 

Cabbage is one of the leading truck crops 
grown on sandy soil in northeast Florida 
during the fall, winter and spring. Bladen fine 
sand and Bladen fine sandy loam with reac- 
tions generally ranging between pH 5.0 and 
6.0 are the predominate types of soil used for 
growing the crop in this part of the State. 
They are low-lying soils underlaid with a 
heavy, sandy-clay subsoil that prevents rapid 
movement of water downward which is detri- 
mental to drainage during rainy weather but 
an advantage for irrigation during droughty 
periods. Artesian water is available for irri- 
gation and when the soils are properly drained, 
irrigated and fertilized they produce good 
yields of high quality cabbage. 

When the crop is grown in northeast Flor- 
ida on sandy soils fertilized with 1 ton of 
5-7-5 commercial fertilized per acre, the 
plants sometimes develop an abnormal number 
of small leaves, become stunted, are light 
green to yellow in color and yield poorly. Such 
plants are most noticeable during cool weather 
and even occur in those fields which are ade- 
quately drained and irrigated. Results of 
experiments conducted during the last 5 years, 
as reported in this paper, show that poor 
yields of low-quality cabbage often are trace- 
able to lack of a sufficient amount of nitrogen 
needed for the production of the crop. 

Methods 

The tests were conducted at Hastings, Flor- 
ida, and consisted of (1) a single application 
of different fertilizers at the usual rate of 1 
ton per acre prior to setting the plants and 
(2) the addition of nitrogenous materials as 


side-dressings after the land had been fer- 
tilized with 1 ton of a 5-7-5 fertilizer and set 
to plants. 

Each treatment was replicated 8 or more 
times in 3-row plots 22.5 feet long, the rows 
being ridged 8 to 12 inches high and spaced 
40 inches apart. Early Copenhagen Market 
plants were set 9 inches apart in the rows in 
November and December and harvested in 
February, March and April. Fertilizers ap- 
plied prior to transplanting were placed in a 
band in each side of the row 2 to 4 weeks 
before the plants were set. Those used for 
side-dressing were applied by hand on top of 
the plants or along each side of the plant row. 
The plots were irrigated when set to cabbage 
and as needed thereafter. Good drainage was 
provided to protect the field against flooding 
during heavy rains. Pounds of marketable 
cabbage produced in each plot were recorded 
and total yield for each treatment was con- 
verted to tons per acre. 

Fertilizers Applied Before Transplanting 

The different fertilizer mixtures used, sourc- 
es and amounts of nitrogen contained in the 
mixtures, numbers of years tested and aver- 
age yields in tons per acre are given in table 
1. Comparisons of the three 5-7-5, mixtures 
show that nitrogen in the nitrate form in- 
creased the yield as special 5-7-5 mixture 
2 which supplied 100 pounds of nitrate nitro- 
gen to the acre outyielded commercial 5-7-5 
mixture 1 by 1.5 tons per acre. The latter 
fertilizer provided 100 pounds of nitrogen but 
it was organic and ammonia nitrogen the 
first 3 seasons with a little nitrate nitrogen 
added the last 2 seasons. Mixture 2 also out- 
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yielded 5-7-5 mixture 3 which supplied 100 
pounds of ammonia nitrogen. 

Special 15-7-5 fertilizer supplying 300 
pounds of nitrate nitrogen produced the hig- 
est yield, 17.9 tons per acre. This yield, how- 
ever, was only .8 and .5 tons per acre more 
than the yields from 10-7-5 mixtures 4 and 5, 
respectively, both of which supplied 200 pounds 


TABLE 1.—Average Yields of Cabbage Produced During 5 
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mixture 2 in table 1 shows no improvement 
in yield by increasing the phosphorous (P,0;) 
from 7 percent to 14 percent. Furthermore, 
there was little difference in the yield obtained 
from mixture 8 containing 10 percent potas- 
sium (KO) and mixture 2 containing 5 per- 
cent. The results of this test indicate that 
maximum yields of cabbage may be expected 
Years 


in Test Plots Fertilized 


with Mixtures Containing 5, 10 and 15 Percent Nitrogen at the Rate of 1 Ton or its 


Equivalent per Acre. 





Treatment | 








| Pounds Number | Tons 
| es | Nitrogen of | Cabbage 
No. | Fertilizer | Source of Nitrogen Applied Years | per Acre 
| | per Acre | Tested | 
| | 30% Peruvian Guano | | | 
| | 20% Castor Pomace | | 
1 | Commercial 5-7-5*| 50% Sulphate of Ammonia**) 100 | 5 | 13.1 
2 | Special 5-7-5*** | Nitrate of Soda 100 | 5 | 14.6 
3 | Special 5-7-5 | Sulphate of Ammonia 100 | 4 | 12.8 
4 | Special 10-7-5 | Nitrate of Soda 200 | 4 | 17.1 
| | 50% Nitrate of Soda | | 
5 | Special 10-7-5****| 50%Nitrate of Potash 200 | 3 | 17.4 
6 | Special 15-7-5 Nitrate of Soda 300 | 2 17.9 
7 | Special 5-14-5 Nitrate of Soda 100 4 | 14.8 
8 | Special 5-7-10 | Nitrate of Soda 100 | 4 | 14.5 





*P.O., from acid phosphate; K,0, 50% muriate of potash and 50% sulphate of potash. 
Potash magnesia added 4th and 5th years to provide 20 pounds of magnesium per ton. 
** For 4th year N, 25% castor pomace and tankage, 60% sulphate of ammonia and 10% ni- 
trate of soda. For 5th near N, 25% castor pomace and tankage, 45% sulphate of am- 


monia. 


20% uramon and 10% nitrate of soda. 


***P.O., from superphosphate; K,O, muriate of potash. 


**** KO, from nitrate of potash. 


of nitrate nitrogen. These small increases 
in yield were not enough to offset the cost of 
the extra 100 pounds of nitrogen. 

Yields obtained from plots fertilized with 
10-7-5 mixtures were 4.0 to 4.3 tons per acre 
greater than ‘the yield from those fertilized 
with 5-7-5 commercial fertilizer which con- 
tained half as much nitrogen. Plants treated 
with the 10-7-5 mixtures were deep green in 
color during the cool part of the season and 
remained green until harvested; whereas 
those receiving the 5-7-5 commercial fertilizer 
were lighter green in color throughout the 
growing period. 

Comparison of 5-14-5 mixture 7 with 5-7-5 


from a 10-7-5 fertilizer supplying 200 pounds 
of nitrogen, 140 pounds of phosphoric acid 
and 100 pounds of potash, 
Fertilizers Applied as Side-Dressing After 
Transplanting 

Tests were conducted for 4 seasons (1940- 
44) to determine the effect of nitrate of potash 
side-dressings on the yield of cabbage which 
was grown on soil that had been fertilized 
with a complete fertilizer prior to setting the 
plants. Some plots were fertilized with 1,500 
pounds of 5-7-5 commercial fertilizer per 
acre and others with 2,000 pounds. After the 
plants were transplanted some plots in each 
group were not side-dressed, others were side- 
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dressed with nitrate of potash once, some 
twice and the remainder 3 times. Each side- 


dressing consisted of an application of 160 
pounds of nitrate of potash per acre which 
provided 24 pounds of nitrate nitrogen at each 
application. The first treatment was made 
approximately 20 days after the plants were 
set, the second 30 days later and the third 
60 days later. 

The data show that the nitrate of potash 
side-dressing increased the yields, each one 
causing an increase on plots that had been 
treated with 5-7-5 fertilizer at the 1,500-pound 
rate prior to setting the plants, table 2. Like- 
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ers for side-dressing cabbage in plots treated 
with 1,500 pounds of 5-7-5 commercial fer- 
tilizer per acre before the plants were set. 
During 2 seasons 8 organic nitrogenous ma- 
terials, ground dried blood, steamed bone meal, 
peanut meal, castor pomace, high grade tank- 
age, milorganite, cotton seed meal and whale 
guano were compared with nitrate of soda. 
Each material was applied 3 different times to 
supply 24 pounds of nitrogen per acre at each 
application, the applications being made ap- 
proximately 20, 50 and 80 days after the 
plants had been transplanted. Thus, total 
nitrogen used in growing the crop was 147 


TABLE 2.—Average Yields of Cabbage Produced During 4 Years in Test Plots Fertilized 
with 1,500 and 2,000 Pounds per Acre of a 5-7-5 Commercial Fertilizer and Side-dressed 


0 to 3 Times with 160 Pounds of Nitrate of Potash per Acre. 





Treatment _ 








: ; pee a Pounds Tons Cabbage 
Pounds 5-7-5 Commercial No. of Nitrogen per Acre 
Fertilizer Applie per Acre Side- - Applied 

Before Transplanting* dressings per Acre 
1,500 0 75 12.3 
1500 | 1 99 14.1 
1,500 | 2 123 15.1 
1,500 | 3 147 16.0 
2,000 0 100 13.8 
2,000 } 1 124 15.0 
2,000 | 2 148 15.8 
2,000 3 172 16.7 











*Same fertilizer as treatment 1 table 1. 


** First treatment made 20 days after the plants were set, the second 30 days later and the 


third 60 days later. 


wise, plots which had been treated with 5-7-5 
fertilizer at the 1-ton rate before the plants 
were set, produced a larger yield than those 
fertilized with 1,500 pounds of the fertilizer 
and also a larger yield with each additional 
side-dressing. The yields were proportional to 
the amount of nitrogen applied per acre, the 
highest yield being obtained from 172 pounds 
of nitrogen which was the largest amount 
used. Plants given 2 to 3 side-dressings of ni- 
trate of potash were darker green in color 
and produced larger heads which were crisper 
and of better quality than those treated only 
with 5-7-5 fertilizer. 

Additional tests were conducted to determine 
the value of various nitrogen-bearing fertiliz- 


pounds to the acre. During the 2 years tested 
none of the materials bearing organic nitro- 
gen produced yields that equalled those ob- 
tained with nitrate of soda supplying nitrate 
nitrogen. 

Materials compared as side-dressing in other 
plots in 1942 and in 1945 were nitrate of 
potash, nitrate of soda, sulphate of ammonia, 
ammonium nitrate, uramon, N and P top- 
dresser (containing nitrogen and _ potash), 
ammo-phos and 5-7-5 commercial fertilizer. 
For comparative purposes muriate of potash 
and a treatment without side-dressing were 
also included in this test. Enough muriate of 
potash was applied to provide 22 pounds of 
potassium per acre at each application, while 


@® rrr OO we 
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the other materials were applied in amounts 
needed to supply 24 pounds of nitrogen at each 
application. The materials were applied 3 
times in 1942 or approximately 20, 50 and 80 
days after the plants had been transplanted. 
In 1945 they were applied only twice, 35 and 
67 days after the plants had been set in the 
field. Thus, total nitrogen applied per acre 
was 147 pounds the first season and 123 pounds 
the second. 

The highest yields were obtained from side- 
dressings of nitrate of potash and nitrate of 
soda, both materials producing equally good 
yields and plants treated with them were deep 
green in color even in the cool part of the 
season. Ammonium nitrate and uramon pro- 
duced the next highest yields. The first of 
these 2 materials supplied ammonia and nitrate 
nitrogen but it absorbed water readily and 
was difficult to apply after it had been stored 
a few weeks. Uramon provided water-soluable 
organic nitrogen and the yeilds obtained from 
it indicate that it could be substituted for 
nitrate of potash and nitrate of soda. Yields 
from muriate of potash were no better than 
from the no side-dressing treatment, indicating 
that the results obtained with nitrate of potash 
were due to nitrogen and not to potash. 

Conclusions 

Cabbage responded markedly to _ nitrate 
nitrogen and less so to other forms of this 
element. The 5-7-5 commercial fertilizer used 
at rates of 1,500 pounds to 2,000 pounds per 
acre supplied sufficient phosphorous and 
potassium but not enough nitrogen for growing 
the crop. These tests showed that 175 to 200 
pounds of nitrogen per acre are needed to pro 
duce maximum yields ana that most of the 
nitrogen should be in the nitrate form for best 
results. The soil probably was too cold in 
December, January and February for the soil 
organisms to decompose nitrogenous materials 
and form nitrates for the crop. When the soil 
warmed up in the spring there was a deficiency 
of nitrates to supply the needs of a rapidly 
growing crop. 

Unfortunately nitrate nitrogen is soluable 
in water and may be lost easily in the drain- 
age water of these sandy soils. However, 


since this form of nitrogen promoted maxi- 
mum yields of cabbage, it appears necessary 
to use large quanities of it even though 
part may be lost by leaching. The disadvan- 
tages of using nitrate nitrogen are partially 
offset by its lower cost in comparison to that 
of nitrogen from natural organic sources. 

These experiments suggest 2 methods of 
fertilizing cabbage for production of maxi- 
mum yields. One methods consists of an ap- 
plication of a 5-7-5 commercial fertilizer at 
rates of 1,500 to 2,000 pounds per acre in the 
row a few days prior to seting the plants. Ad- 
ditional nitrogen should be provided by 2 to 3 
side-dressings of nitrate of potash or nitrate 
of seda. Each application should supply 24 
to 32 pounds of nitrate nitrogen per acre. The 
first side-dressing should be made about 2 
weeks after the plants are transplanted and 
the others at 25 to 30 day intervals, thereafter. 
Successful growers in the Hastings area use 
this method of fertilizing their crop. They 
may use nitrate of soda for the first 2 side- 
dressings and nitrate of potash for the last 
application, or the latter material may be used 
for all applications. Few growers use nitrate 
of soda for all side-dressings because they 
believe cabbage treated with it just before 
harvest will become soft while in transit to 
market. 

The second method which does not require 
side-dressings, consists of an application of 
a special 10-7-5 fertilizer at rates of 1,500 to 
2,000 pounds per acre before setting the plants 
in the field. This fertilizer should be placed in 
a band in each side of the row 2 to 4 weeks be- 
fore the plants are set. The length of time 
between applying the fertilizer and setting 
the plants will depend on the amount of mois- 
ture in the soil, the loner period being allowed 
if the soil is dry. This method eliminates time 
and labor to apply side-dressings and it gives 
excellent yields of good quality cabbage. 

The 2 methods of fertilizing cabbage were 
compared in 1945 and they produced about the 
same yields, but the cost of the first method, 
including the labor to apply side-dressings, 
exceeded that of the second method by $6.00 
an acre. 
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When no side-dressings were used, plots re- 
ceiving 1 ton of 10-7-5 fertilizer per acre 
yielded 4 tons per acre more than those treated 
with 1 ton of the 5-7-5 fertilizer. The high- 
nitrogen mixture cost $10.50 more per ton 
than the 5-7-5 fertilizer, but the increase in 
yield from its use more than offset the cost of 
the additional nitrogen. 

A ton of the special 10-7-5 fertilizer may be 
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made by mixing 720 pounds of nitrate of potash 
(15% N. and 14% K.,O), 580 pounds of nitrate 
of soda (16%N) and 700 pounds of superphos- 
phate (20% P.,O,). This fertilizer has good 
drilling qualities when used 4 to 5 weeks after 
mixing, but it should not be stored from one 
season to the next because it absorbs water 
and becomes too wet to use in a fertilizer dis- 
tributor. 





ORGANIC FUNGICIDES FOR CELERY 
G. R. TOWNSEND 


Everglades Experiment Station 
Florida Agricultural Experiment Station 


Belle Glade 


The development of organic fungicides has 
taken rapid strides since 1940. As these new 
compounds have been offered by the fungicide 
manufacturers, the celery growers and Experi- 
ment Station workers in Florida have had a 
keen interest in the possibilities of these com- 
pounds as substitutes for copper fungicides on 
celery. 


There would be no merit in replacing copper 


fungicides if the copper compounds available 
met all the requirements of a good fungicide 
for celery, but unfortunately this is not so, and 
we have been helped in the realization of this 
by the performance of some of the new organic 
compounds. Bordeaux mixture of a 4-4-50 for- 
mula applied at weekly intervals controls early 
end late blights of celery reasonably well, but 
is known to retard the growth of the crop and 
leave an undesirable spray deposit. Changing 
the Bordeaux formula to 4-2-50 and adding 
two pounds of wettable sulphur improves the 
spray in respect to the visibility of the deposit, 
safety and fungicidal efficiency. The necessity 
of mixing several materials in the tank is often 
considered a handicap, and has given rise to 
the use of a number of insoluble copper com- 
pounds such as basic copper chloride and 
cuprous oxide and tribasic copper sulphate. 


The basic copper chloride and cuprous oxide 
sprays are about as effective as Bordeaux 
spray of equal copper content, but they are 
liable to produce the same type of copper in- 
jury and stunting as is found with Bordeaux 
mixture. The tribasic copper sulphate sprays 
is less effective as a fungicide, but not as likely 
to injure the foliage. 

With these characteristics of copper fungi- 
cides in mind, we may proceed to discuss the 
new organic fungicides for celery. However, 
the discussion is intended only as a report of 
progress because the tests of organic fungi- 
cides are continuing and new developments in 
their production may be expected for several 
years. Growers may safely use some of these 
materials on a trial basis, but they are cau- 
tioned against a too rapid abondonment of the 
Bordeaux spray program for celery. Aside 
from the need for further testing, economic 
factors such as the cost and availability of the 
new compounds must be considered. 

Dithane (disodium ethylene bisdithio-carba- 
mate) is available now as a clear amber colored 
liquid. It should be used at the rate of 2 quarts 
to 100 gallons of water. It is preferable to add 
also to each 100 gallons of spray 1 pound of 
ZnSO, and 1/2 pound of hydrated lime. In 
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a number of tests this spray has controlled 
early blight of celery better than a 4-2-2-50 
Bordeaux-sulphur spray. Dithane sprays leave 
almost no visible residue and seem to have 
no stunting effects. It has been noted that 
the stalks of celery sprayed with Dithane 
are more bleached at maturity than when 
other sprays have been used. There has been 
some debate whether this advantageous or not. 
The need for copper and manganese as nutri- 
tional supplements cannot be met by adding 
these to the Dithane spray as our present in- 
formation is that the mixtures are not compat- 
ible. Possible this need can be met by substitu- 
ting one or more Bordeaux sprays with nutri- 
tional supplements in the spray program. The 
compatibility of Dithane with insecticidal 
sprays is not fully determined. 

Fermate (ferric dimethyl dithio-carbamate) 
is available in limited quantities as acoal black 
fluffy powder. Fermate should be used at the 
rate of 142 to 2 pounds to 100 gallons of water. 
It controls early blight about as well as Bor- 
deaux mixture and has no injurious effects. 
On experimental plots sprayed with Fermate 
at 4 pounds per 100 gallons the control of 
blight and yield has been better than with Bor- 
deaux mixture. This compound is compatible 
with nutrtional supplements and insecticides 
which are sometimes added to celery sprays. 

Zerlate and Methasan (zine dimethyl dithio- 
carbamate) are zine salts of the same series 
as Dithane and Fermante. There are white 
powders which readily mix with water. They 
are not generally available but if they can be 
obtained may be tried at 1% pounds to 100 
gallons of water. Zerlate has been experimen- 
tally only one year but has much promise as 
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an excellent fungicide for celery. It is superior 
to Fermate in its fungicidal effectiveness and 
mixes with nutritional supplements and insecti- 
cides readily. 

Spergon (tetra-chloro-para-benzaquinone) in 
a wettable grade is available as a grayish 
yellow powder. It should be used at the rate 
of 6 pounds per 100 gallons of water as it is 
definitely less effective than Bordeaux or the 
other organic fungicides at lower dosages. 
When used in the 6-100 formula Spergon has 
given early blight control and good 
yields. It is not compatible with lead arsenate 
and lime, but the nutritional supplements may 
be added to this spray. 

604 (2.3 dichloro-naptho-quinone 1, 4) is a 
brownish yellow powder which is a very effec- 
tive fungicide for some purposes but is avail- 
able only for experimental work. It has been 
tested on celery, at dosages as low as 1/2 
pound per 100 gallons of water and has given 
good control of early blight. Dosages of 1-100 
or higher are likely to prove injurious to the 
crop. The compatibility of 604 with nutritional 
supplements and insecticides for celery is un- 
known. 

In conclusion we may state that several of 
the new organic fungicides have been tested fo 
the control of celery early blight and appear 
to be very promising. More work should be 
done to determine the optimum dosages to 
employ and their compatibility with other 
materials which it may be desirable to add to 
celery sprays. Finally, it must be pointed out 
that there has been no opportunity to test most 
of these fungicides against celery late blight 
and their effectiveness against that disease is 
largely unknown. 


good 
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SOME EFFECTS OF FERTILIZING TOMATOES 
WITH MINOR ELEMENTS IN 
SOUTH FLORIDA 
R. A. CARLTON 


Agricultural Agent, Seaboard Railway 
West Palm Beach 


The purpose of this paper is to relate some 
observations made on the production of toma- 
toes on two sandy flatwoods types of land on 
the lower east coast where the elements cf 
copper, manganese, zinc, iron, and boron were 
added to the standard fertilizer application. 
The standard fertilizer application on these 
oil types generally being from 2,000 to 2, 400 
Ibs. per acre of a 448 formula, carrying from 
30 to 40 percent organic nitrogen. 

lhe flatwoods soil types on which these re- 
sults were observed are classified technically 
as Charlotte, Suniland, and Immokalee soil 
eries. The first two named series are char- 
acterized by a light gray sandy surface soil 
overlying a yellowish to bright orange colored 
sand which grades into a yellowish mottled 
andy clay at 24 to 36 inches in depth. Below 
the clay strata there are usually shell and 
sand. Under virgin conditions the pH value of 
these soils averages about 6.0 and the supply 
ef exchangeable calcium from 450 to 800 
pounds per acre and the exchangeable magnes- 
ium about 25 to 40 lbs. per acre. These soils 
are typical of the lands on which tomatoes are 
grown west of Ft. Pierce and throughout the 
Alapattah marsh territory in Martin and Palm 
Beach Counties. This type of land is not gen- 
erally planted but one season in tomatoes. 
Any replanting of such land to this crop is 
after a lapse of several years as efforts to 
grow tomatoes on these lands in a regular rota- 
tion result in low yields of poor quality with 
early decline in vine growth. 

The Immokalee series is one of the hardpan 
types of flatwoods land characterized by a 
rather coarse grayish sandy surface soil over- 
lying a whitish sandy subsoil extending to 
hardpan at a depth below 40 inches. This type 


of soil is quite acid with pH ranging from 4.5 
to 5.2 and poorly supplied with exchangeable 
calcium and magnesium. Poor results attend 
any effort to grow tomatoes on other crops 
and this type of land without applying liberal 
amounts of lime or some other material to 
neutralize soil acidity. 

In the opinion of the writer satisfactory 
yields of tomatoes are hard to produce on any 
soil type where the supplies of exchangeable 
calcium are below 1,000 Ibs. per acre, and the 
exchangeable magnesium below 100 Ibs. per 
acre. Also the pH value of the soil should be 
near 6.0 or above. First consideration should 
be given under any production program to ad- 
justing these basie conditions before results 
may be expected from any type of fertiliza- 
tion. 

The plantings of tomatoes on Charlotte and 
Suniland soil types, above referred to, were 
located at Indiantown in Martin County. The 
history to tomato production on these soils 
there was that production with the usual ferti- 
lizer application was entirely satisfactory until 
the harvesting season was underway. Usually 
after the second picking the vines began to de- 
cline very rapidly with the foliage becoming 
covered with small brown spots indicating that 
the plants were affected with a serious disease, 
but there were no parasitic organisms present. 
This rapid dying of the vines continued until 
there was very little sign of life in the plants 
by the fourth picking. Co-incidental with the 
decline of the vines there was a decline in 
quality of fruit so that it did not carry to mar- 
ket wnder any means of shipment. These con- 
ditions vesulted in growers harvesting only 
about half the crop set and matured. 

The area on which test plantings were grown 
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comprised two classes of land viz: That pre- 
viously cropped to tomatoes and other crops, 
and virgin land or that not previously planted 
to any crop. The pH value of the uncropped 
lands was 5.12, the exchangeable calcium 386 
pounds per acre and the exchangeable mag- 
nesium 25 lbs. per acre. The pH value and 
calcium supply of this land was lower than 
average for this soil type, due probably to the 
fact, that the area used had been subjected to 
heavy leaching through excessive drainage. 

The previously cropped land had grown two 
crops of tomatoes, a crop of sweet potatoes 
and two crops of squash. The second crop 
of tomatoes was largely a failure. The pH 
value of these lands was 4.90; exchangeable 
calcium of 193 lbs. per acre, and exchange- 
able magnesium of 25 pounds per acre. 

Both the uncropped and cropped areas were 
treated with basic slag to increase the calcium 
and magnesium supply and to raise the pH 
value. The rates of application were 1,000 or 
2,000 ibs. of basic slag per acre. 

Secondary elements were applied to se- 
lected areas of both cropped and uncropped 
lands in a “shotgun”? mixture consisting of 
copper sulphate at 30 'bs. per acre, zine sul- 
phate 10 lbs. per acre, manganese sulphate 
at 50 lbs. per acre, iron sulphate at 50 Ibs. 
per acre and borax at 10 IMbs. per 
acre. Single _ element applications’ of 
some of the above materials had previously 
been tried on tomatoes in this area but no res- 
ponses had been noted, so it was decided to try 
them in combination. The highest yielding 
planting in these tests was a half acre plot that 
received basic slag at 2,000 lbs. per acre and 
minor elements at the above rates in addition 
to the standard fertilizer application for all 
plots which was 2,400 lbs. per acre of a 4-8-8 
formula put down in three applications. This 
plot yielded 238 bushels of tomatoes per acre, 
against a yield of 98 bushels per acre for the 
check. The second highest yielding plot re- 
ceived basic slag at 1,000 lbs. per acre and 
minor elements at the rates listed, plus the 
standard fertilizer application. The yield on 
this plot was 196 bushels of tomatoes per acre. 

One other plot equalled the above yield of 
196 bushels and this plot received basic slag 


at 1,000 Ibs. per acre plus 370 lbs. of sulphate 
of potash-Magnesia with the regular applica- 
tion of fertilizer. 

Typical blight symptoms showed up in the 
check plot after the second picking and all the 
vines were dead in this plot by the fifth pick- 
ing. The best plots did not develop this type 
of blight and the vines showed a satisfactory 
condition at the conclusion of the fifth picking. 

Since these tests were concluded, commercial 
acreages of tomatoes have been grown at In- 
diantown on which minor elements were in- 
cluded in the mixed fertilizer with satisfactory 
results. In these plantings the ordinary symp- 
toms of “blight deficiency” did not develop, 
and the entire crop of fruit carried to market 
successfully. It is, therefore, believed that the 
lack of certain minor elements in these soils 
were the cause of production troubles and pre- 
vented subsequent tomato production on these 
soil types after the first crop. The production 
of tomatoes on the Immokalee soil type with 
minor elements was located at Delray Beach in 
Palm Beach County. The lands in this test 
had a pH value of 4.80 with very low supplies 
of calcium and magnesium. They were treated 
with 1600 lbs. of dolomitic limestone to the 
acre and 400 Ibs. of hydrate lime to adjust the 
pH, calcium and magnesium levels. 

Minor elements were added as previously 
mentioned in this paper. The yields on plant- 
ings so treated averaged slightly over 200 
bushels per acre. Check plantings on un- 
treated land were largely a failure with yields 
far too low to pay cost of production. In 
every instance where the writer had chanced to 
make observations, the addition of secondary 
elements to the tomato fertilizer program on 
the sandy soils of south Florida has resulted 
in a better set of fruit, longer lived vines and 
better shipping quality in the fruit. Also the 
plants appear to withstand better the adver- 
sities of the weather such as wet weather and 
cold. 

Tomatoes grown during the winter season on 
the lower east coast should be a long season 
crop and it is the writer’s opinion that the 
addition of minor elements to the fertilization 
of this crop contribute more than anything 
else to longer and better production on sandy 
flatwoods on which this crop is grown. 
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VERTICAL MOVEMENT OF SALTS IN SOILS 
AS AFFECTED BY IRRIGATION 
PRACTICES 


ERNEST L. SPENCER 
Vegetable Crops Laboratory 
Florida Agricultural Experiment Station 
Bradenton 


At the meeting of the Florida State Horti- 
cultural Society last year, Drs. Young and 
Jamison of the Citrus Station at Lake Alfred, 
reported that in certain areas on the Florida 
East Coast and in Pinellas County on the West 
Coast, water from artesian wells was gradually 
increasing in salt content. At the Vegetable 
Crops Laboratory at Bradenton, reports have 
been received from time to time that artesian 
wells in that section of the West Coast are also 
increasing in saltiness. There is no definite 
experimental evidence to substantiate reports 
of such an increase, but during the past year, 
several wells in that area were analyzed and 
some were found with a total soluble salt 
content as high as 3200 parts per million. 
Most of the wells tested, however, ranged 
between 800 to 1200 p.p.m. of total soluble 
salt. 

In view of the high value placed on land in 
the frost-free sections along the West Coast 
from Tampa south to Fort Myers it is desirable 
when at all possible, to use these wells regard- 
less of their saltiness. The necessity of using 
such wells emphasizes certain factors which 
should be considered, such as the question of 
plant species tolerance to high salt, the concen- 
tration of salt in soil as a result of repeated 
irrigation, and the method of irrigation best 
adapted for preventing salt concentration from 
becoming harmful under these conditions. Of 
these three factors, it was felt that the last 
factor, method of irrigation, was most im- 
portant at the present time. 

Under experimental conditions, it was im- 
possible to test the effect of different methods 
of irrigation on a field scale at this time, but 


preliminary studies were madein the green- 
house. Briefly, these studies were carried out 
as follows: In late November 1944, 96 nonpor- 
ous glazed pots were filled with Leon fine 
sandy loam (19 pounds per pot), to which 
complete fertilizer, 4-5-7, at 
the rate of 1,000 pounds per acre (4.3 grams 
per pot), These pots were brought 
to constant weight at set intervals, using 
water containing different amounts of sodium 
chloride. Twenty-four pots received distilled 
water with no salt; 24 received water con- 


was added a 


taining 1000 p.p.m., 24 received water 
amounting to 2500 p.p.m. and 24 pots 
received water containing 4000 p.p.m, of 


sodium chloride. These levels were selected 


because the 1000 p.p.m. level was representa- 


tive of most wells in this area, the 1500 
p.p.m. level was comparable to water of 


high salt content, and the 4000 p.p.m. level 
represented wells with a very high salt con- 
tent. 

The salt solutions were added in two dif- 
ferent ways. To 48 pots it was added on the 
surface, and to the other 48 pots it was poured 
into a tube with an outlet at the base of the 
pot. The surface application presumably ap- 
proximated conditions brought about by the 
use of sprinklers or down-the-row irrigation. 
The basal application was comparable to seep 
or tile irrigation. The experiment was planned 
so that 24 pots on each type of watering were 
watered once each week and the remainder 
watered twice each week. 

Three different varieties of plants were used: 
Lettuce—Imperial 44, Squash—Early Prolific 
Straightneck, and Tomato—Grothen’s Globe. 
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The average green weight of plants at time of 
harvest is shown in Table 1. 

The squash plants were harvested after 7 
weeks because by that time many of the plants, 
especially those being irrigated from the base, 
developed a stem rot at the surface of the soil. 
This diseased condition was apparently intensi- 
fied by the salt since none of the plants receiv- 
ing distilled water showed symptoms of the 
disease. Incidentally, the plants receiving dis- 
tilled water alone were the only ones in bloom 
at time of harvest. The results in Table 1 
show that plants irrigated from the surface 


TABLE 1 
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of soluble salt resulted in a significant de- 
crease in yield. 

The tomato plants were harvested when ripe 
fruit first appeared on the vines. There was 
little visual difference in the relative vigor of 
the plants, except that those irrigated with 
water of high salt content were somewhat 
darker green in color. The tomato growth 
data, which include both fruit and vine weights, 
show that surface irrigation gave significantly 
greater yields than resulted with basal irriga- 
tion, not only when the irrigation water con- 
tained no salt, but also when it contained as 


Average green weight of plants irrigated either on surface or from base 


with salt solutions of varying concentration 

















Salt Squash (b) _ = Lettuce (b) Tomato (b) 

Levels | | 

p.p.m. Surface Basal _|__ Surface | Basal __| Surface Basal 
0 56 | 24 184 160 350 221 

1000 50 6 | 143 140 | 272 | 226 

2500 50 | 6 127 128 224 | 174 

4000 35 5 124 106 174 172 





Difference required for significance between methods of irrigation—26. 
Difference required for significance between salt levels—18. 


(a) Average of 4 plants, in grams. 


(b) Age of plants: Squash—7 weeks from seed, Lettuce—11 weeks from setting. 


Tomato—14 weeks from setting. 


were = significantly larger than those irrigated 
from the base, regardless of the salt concentra- 
tion in the irrigation water. 

The lettuce plants were harvested 11 weeks 
after setting. Harvest was necessitated by the 
fact that the high temperatures encountered 
in the greenhouse at the end of the experiment 
caused the plants to bolt, rather than to head. 
Small heads were formed in pots irrigated with 
water containing 1000 p.p.m. or less of salt. 
Those irrigated with water containing 4000 
p-p.m. were very dark green in color but 
showed no head formation. The lettuce data 
Table 1 show no significant difference between 
the two methods of irrigation, although the 
trend indicates that surface irrigation was 
slightly better. The results do show, however, 
that lettuce is relatively sensitive to salt. Irri- 
gation water containing as little as 1000 p.p.m. 


high at 2500 p.p.m. of soluble salts. From 
the results it is also apparent that the tomato 
is relatively sensitive to salt, the presence of 
1000 p.p.m. of soluble salt in the irrigation 
water resulting in a 20% decrease in growth. 
In this connection, it should be remembered 
that salt once added could not leave the pot, 
whereas in the field, salt can be leached out 
of the root zone. 

In order to obtain a more complete picture, 
it is necessary to consider what took place in 
the soil itself. What happened to the salt 
added in the irrigation water? Did it aceumu- 
late and remain stationary at point of entrance 
or did it gradually diffuse through the entire 
mass of soil in the pot? In an effort to answer 
these questions, measurements were made of 
the total soluble salt in the soil at the end 
of the tomato experiment. From each of the 
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32 pots samples were taken of the top two 
inches, from the 2 to 4 inch level andfrom the 
bottom six inches. Water extracts were made 
of aliquots of these samples and tested for 
soluble salt content by means of a conduc- 
tivity bridge. Such measurements do not give 
the exact soluble salt content of the soil, but 
do serve as an index of the relative amount in 
the extracts. 

Table 2 shows the total soluble salt content, 
expressed as parts per million of a water ex- 
tract of the soil from the tomato experiment. 
Obviously these values include not only sodium 
chloride, but also any other soluble salts ori- 


TABLE 2—Soluble salt content (p.p.m.) 
of tomato experiment 
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6”. These results tend to indicate that the salt 
moved upward with the water. This movement 
of salt apparently continued clear to the sur- 
face, where it became concentrated as the 
water evaporated. 

It is of interest to compare the results ob- 
tained by the two methods of irrigation. At 
each of the salt levels there was significantly 
less salt in the upper 2” of soil with surface 
irrigation than with basal irrigation. Surface 
irrigation with salt water tended to distribute 
the salt throughout the soil, thereby preventing 
the accumulation of toxic quantities at any one 
level. With basal irrigation, however, there 


of water extract of soil from pots at end 








Depth of Sampling 











2”__6” level Bottom 6” 





Method of Salt | 
[rrigating Level __ Top 2” 
p.p.m. 

Surface 0 33 
1000 | 218 
2500 473 
4000 795 

Basal 0 149 
1000 358 
2500 705 
4000 1180 


40 43 
253 310 
463 528 
585 700 

25 20 
183 198 
238 360 
325 533 





Difference required for significance—135. 


ginally present in the soil or added in the fer- 
tilizer. However, since all pots received the 
same amount of fertilizer, it can be assumed 
that most of the variation among the determin- 
ations was due to sodium chloride. By a 
study of these results, itis possible to obtain 
certain information regarding the vertical 
movement of salt in the soil. 

With surface irrigation, it is apparent that 
the salt added in the water moved rather freely 
through the soi! mass, as the salt concentra- 
tion at any one level did not vary significantly 
from that at either of the other two levels. 
With irrigation from the base, however, the 
picture was different. At each of the three 
highest salt levels there was a definite move- 
ment of salt from the bottom to the surface, 
as the salt content per unit of soil in the upper 
2” was nearly double that per unit in the lower 


was a definite accumulation 


layer. 


in the surface 


Of what practical significance is an experi- 
ment of this type? It is quite obvious that 
a similar study cannot be carried out readily 
in the field and definite field correlations can- 
not be made. However, it is possible to point 
out certain facts of interest to the grower. In 
the first place, it is safe to assume that with 
controlled surface irrigation, especially with 
type of sprinkler system, a uniform 
downward movement of salt would take place 
without accumulation at the surface. This 
would mean that any salt present in artesian 
water would be spread throughout a large 
soil mass and thus have its harmful action 
greatly reduced. Periodic rains or showers 
would reduce any possible injurious action still 
further. 
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With basal irrigation, such as with tile or 
seepage, using salty water, it is highly prob- 
able that there would be a definite concentra- 
tion of soluable salt at the surface layer. Per- 
haps this accounts for the appearance of so- 
called salt areas in fields, especially during 
a dry season when extensive irrigation is 
necessary. It might be argued that under field 
conditions this salt accumulation would be re- 
duced and carried downward by rain. This 
probably would occur with a thorough rain, but 


with a shower or light rain that penetrates 
only the surface layer, the injury undoubtedly 
would be intensified as any salt that might 
have separated out by evaporation would be 
brought back into solution. 

As indicated earlier, this work has only just 
started and this is but a preliminary report 
of the findings to date. However, it has shown 
beyond all doubt that there is in the soil a 
definite vertical movement of salt when dis- 
solved in irrigation water. 





POTATO DORMANCY BREAKING TREAT- 
MENTS IN THE HOMESTEAD AREA 


PHILIP J. WESTGATE 
Sub-Tropical Experiment Station 
Florida Agricultural Experiment Station 
Homestead 


Four potato dormancy: breaking treatments 
onwere tested on four varieties of potatoes 
planted on Perrine marl at the East Glade 
farm, Sub-Tropical Experiment Station, 
Homestead, Florida, during the winter vege- 
table season of 1944-45. The potato seed 


’e% manganese. The potatoes were planted 
on November 17, 1944. All plots were sprayed 
with Dithane, zinc and lime, which was the 
standard commercial practice last year in 
Dade County. 


The dormancy breaking treatments of ethy- 


Table 1. Plant emergence counts. 











Potato Ethylene Ammonium Ohio 

variety Chlorhydrin Thiocyanate Tuberstone Dust Check 

Bliss Sprouts up 76 | 85 20 40 | 52 
Sprouts over 6 in. 6 | 13 | 0 | 0 

Chippewa Sprouts up 91 | 98 78 83 92 
Sprouts over 6 in. 65 | 65 25 13 21 

Pontiac Sprouts up 84 91 80 719 | 88 
Sprouts over 6 in. 54 | 67 22 10 22 

Sebago Sprouts up 15 | 81 68 71 68 
Sprouts over 6 in. 37 43 23 | 27 34 





stock all came from North Dakota. Each plot 
consisted of 75 feet of single row planted to 
100 seed pieces with rows three feet apart. 
Fertilizer was applied at the rate of 1500 
pounds per acre of a fertilizer containing 4% 
nitrogen, 7% phosphoric acid, 5% potash, and 


lene chlorhydrin and ammonium thiocyanate 
were applied as suggested by Dr. G. R. Town- 
send of the Everglades Experiment Station, 
Belle Glade, Florida. Ethylene chlorhydrin 
was applied as a 1:150 dip on seed pieces cut 
for 15 to 25 hours, and not planted for at least 
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18 hours after treatment. The ammonium 
thiocyanate was used as a %% dip on seed 
pieces cut for 15 to 24 hours and planted im- 
mediately after dipping. The ammonium 
thiocyanate was furnished by Mr. H. G. Guy 
of Koppers Company, Pittsburgh, Pennsyl- 
vania. Tubertone, applied as a dust, was sup- 
plied by Mr. M. C. Van Horne of California 
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other two treatments throughout the growing 
period of the test. 

All plots were harvested on March 27, 1945, 
with the results shown in Table 2. 

The yields of the checks are in line with 
commercial potato yields in Dade County this 
past season where some large fields averaged 
better than 400 bushels per acre without the 








Spray Company, Orlando, Florida. The “Ohio use of dormancy breaking treatments. Bliss 
Table 2. Potato yields (bushels per acre). 
~ Potato Ethylene Ammonium Ohio Average 
variety Chlorhydrin _—_—‘Thiocyanate __ Tubertone ___ Dust Check __ yield 

Bliss 462 530 441 468 434 | 

Chippewa 404 426 | 416 | 469 | 488 473 
Pontiac 540 528 413 452 | 263 | 392 
Sebago 33 426 | 506 | 521 | 525 | 524 
Average yield 460. 478 | 431 | 430 | 458 | 436 





Dust” was furnished by Mr. E. D. Witman of 
Ohio State University, Columbus, Ohio. 

On December 14, 1944, plant counts were 
made for all plots, and the number of plants 
with a leaf spread of over six inches was also 
recorded, as shown in Table 1. 

The vine growth in plots treated with ethy- 
lene chlorhydrin and amonium thiocyanate 
was larger than that of the checks or of the 


and Pontiac, about evenly divided, were the 
two main varieties grown commercially this 
past season. With an increased interest in a 
white potato for this area, the marked in- 
crease in yield of the Chippewa, a white va- 
riety, with all four dormancy breaking treat- 
ments used, indicates that dormancy break- 
ing treatments may be put to practical use 
in this area in the future. 





DDT AS A CONTROL FOR CABBAGE 
CATERPILLARS 


E. G. KELSHEIMER 
Vegetable Crops Laboratory 
Florida Agricultural Experiment Station 
Bradenton 


Cabbage has always been an important fall, 
winter and early spring crop in southern 
Florida. It is one of the more important veg- 
etable crops for which increased production 
was asked to meet wartime needs. Rarely 
does cabbage escape damage from “worms” 
or caterpillars of moths and butterflies that 


eat holes and “rag” the leaves. The experi- 
ment reported herein was conducted for the 
purpose of comparing DDT with the more fa- 
miliar worm poisons in use. 
Description of Species Involved 
Four species of caterpillars were observed 
attacking the cabbage plants. Two were lar- 
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vae of moths and two were larvae of butter- 

flies. These were the diamondback moth, 

Plutella maculipennis (Curt.), cabbage looper, 

Autographa brassicae (Riley), imported cab- 

bage worm, Pieris rapae (L.) and southern 

cabbage worm, Pieris protodice (B. and LeC.) 
Use of Insecticides 

All species of cabbage caterpillar cannot be 
controlled with the same insecticide. Federal 
regulations forbid the use of arsenicals and 
fluorine compounds on cabbage after it has 
started to head. This has promoted the use 
of non-poisonous insecticides such as rotenone 
and pyrethrum for protection of the heads 
until maturity. Neither rotenone or pyreth- 
rum alone will kill all of these insects, but a 
combination of these two is generally effec- 
tive. 

Rotenone has not been available for cabbage 
insect control for some time. Such pyrethrum 
as has been available is mostly of the “spent” 
material and generally has been none too ef- 
fective. Growers have been using arsenicals 
and cryolite to combat the ravages of the in- 
sects, and by the judicious use of water and 
fertilizer have pushed their cabbage to ma- 
turity in time to escape heavy attacks from 
“worms.” Slow growing cabbage requires 
more applications of insecticide and of course 
suffers more from insects because it is ex- 
posed to their attacks for a longer period of 
time. In general, cabbage in southern Florida 
usually requires protection from insects dur- 
ing all of its growing season. 

Classification of Cabbage Heads 

The following classification is taken verba- 
tim from U.S.D.A. B.E.P.Q. ET-160 by W. J. 
Reid, Jr.: 

“Class 1. Plants whose firm head and 4 
wrapper leaves are free from visible cater- 
pillar injury, and in other respects are eligible 
to U. S. No. 1 Grade. 

Class 2. Plants whose firm head and 4 
wrappe rleaves show caterpillar injury not 
classed as damage, and in other respects are 
eligible to U. S. No. 1. 

Class 3. Plants not eligible to U. S. No. 
1 grade as a result of caterpillar damage. 

Class 4. Plants from which U. S. No. 1 
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grade cabbage cannot be obtained because of 
defects other than caterpillar damage.” 

Class 1 represents an extra-fancy quality 
product; the plants of class 2 are those that 
ara combined with class 1 to indicate the pro- 
duction of U. S. No. 1 grade plants. 

Plan of Experiment 

In the experiment which was conducted this 
spring, Copenhagen Market cabbage plants 
were set out in plots of 2 single rows, each 
row containing 25 plants. They were set out 
Jan. 9, 1945 in single rows—15” apart between 
plants and 4 feet between rows. There were 
7 treatments and 6 replications with 2 buffer 
rows between plots. The cabbage plants were 
at the Potato Investigation Labora- 
tory, Hastings, Florida, and shipped down for 
planting. 


grown 


Materials Used 

The DDT mixtures were 1, 2 and 3% DDT 
mixed with tale and furnished complete by the 
Geigy Co. The Kryocide 30-70 was a special 
dust mixture supplied complete by the Penn- 
sylvania Salt Co. The Alorco cryolite was 
purchased on the open market and was mixed 
with pyrophyllite to give a 30 parts cryolite 
and 70 parts carrier mixture. The lead arse- 
nate was purchased on the open market. 

The treatments weer as follows: 


1. DDT 1%. 
2. DDT 2%. 
3. DDT 3%. 
4. Kryocide 30-70 special mixture. 


Aloreo 30-70. 
Lead arsenate 30-70. 
Check—no treatment. 

All of these were dust materials. The first 
application was made with a puff duster on 
Feb. 7th using 17 lbs. per acre. The second 
and last application of 28 lbs. per acre was 
put on Feb. 27th using a crank duster. The 
check plots were covered with burlap at time 
of dusting to protect them from any drift of 
dust. Separate dusters in all cases were used 
for the DDT. The 2 buffer rows between plots 
were left to allow for any drift of material. 

Discussion of Results 

The results are given in Tables 1 and 2. 

Referring to Table 1, a perfect cut of market- 


oo 


-~] 


a 
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able heads (Classes 1 and 2) would be 300. 
With the exception of the DDT 1% which 
was 299, all DDT plots had a perfect cut. 
These would all have been U. S. No. 1 ex- 
cept that split heads were included. The Kry- 
ocide 30-70 special mixture fell far below its 
expected effectiveness. In previous tests there 
has never been any significant difference be- 
tween natural cryolite and synthetic cryolite 


TABLE 1—Classification of Cabbage Heads 
by Classes Harvested. Bradenton, Fla., 
March 26, 1945. 














Treatment Reha deta an Class _ Total 7 
DDT 1% 1 278 
2 21 
3 | 1 
a — 4 — —— —E 
DDT 2% 1 276 
2 24 
3 
— —EEEE 4 ———— 
DDT 3% 1 292 
9 
3 
—— — - Se 4 ee 
Kryecide 30-70 1 36 
2 76 
3 187 
ee an 
Aloroco 30-70 1 120 
2 55 
3 125 
— = ——— _ 4 — ——— a 
Lead Arsenate 30-20 1 54 
2 54 
3 182 
vl 4 | 10 
Check 1 
2 6 
3 245 
4 __ 49 


A difference of 35.3 is required for signifi- 
cance at the 5% point between total numbers 
of Classes 1 and 2 cabbage heads. 


Table 2 compares the weights of heads and 
yields in pounds per acre. Roughly, the DDT 
when similar diluents were used. Lead Arse- 
nate always has occurred near the bottom of 
teh list. 
dusts all produced around 15 tons of cabbage 
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per acre. The special Kryocide produced 6 
tons, Alorco produced 9%, and the lead arse- 
nate 6 tons. The check plot failed to produce 
¥e ton of marketable cabbage per acre. 

The DDT plots remained clean for a much 
longer period of time than was necessary. 
The last application of any insecticide was 
made Feb. 27 and the cuttings were made 


TABLE 2—Weights of Class 1 and Class 2 








Marketable Heads of Cabbage. Braden- 
ton, Fla., Spring, 1945. 
Av. Wt. Lbs. per 

Treatment _Total! _of heads acre 
DDT 1% 959 | 8.21 | 29879.0 
DDT 2% 932 | 3.11 | 29047.4 
DDT 3% 1025 | 3.41 | 31849.0 
Kryocide 30-70 408 | 8.64 | 12690.1 
Alorco 30-70 618 3.53 | 19230.6 
Ld. Ar. 30-70 387 3.58 | 12036.0 
Check 32 5.3 | 989.9 





1Total weights must differ by 155 at the 5% 
puint to be significant. 


A spacing of 48”x15”—9340 plants per acre. 
March 28. On farmers field day April 27, 60 
days after the last application, the buffer 
rows of the DDT plots still produced clean 
cabbage. 

Discussion 

Since cabbage is generally marketed with 
4 wrapper leaves and the last applications of 
insecticides were made as per U. S. regula- 
tions, all treatments were considered safe for 
consumption. Most poisons are found, if at 
all, only on the old mature leaves when these 
regulations are followed. 

DDT is not a cure for all insects by any 
means, but it certainly is specific for the cater- 
pillars mentoined in this paper. However, it 
did not control the cabbage aphids. 

When this material becomes available and 
is applied according to regulations there 
should be no excuse for wormy cabbage. 

With certain plants, DDT produces an in- 
creased vigor in both plants and fruits. No 
increased size was evident in this test. 

There are certain precautions to be follow- 
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ed in its use. It most certainly should be 
handled as a poison until more is known about 
it. Personally, when working with concen- 
trated mixed DDT the material definitely af- 
fected the author. One had the feeling that 
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an attack of malaria might be on its way. 
However, dusting with the 1, 2 and 3% dusts 
alone and without a mask has not produced 
any apparent ill effects. Care should be taken 
not to breathe too much of such mixtures. 
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Report of The NNecrology Committee 


DR. E. W. BERGER 


Florida horticulture owes a large debt to 
the late Dr. Edward William Berger, who 
passed away on August 24, 1944, after 
serving the horticultural industry nearly forty 
years. He was nearly 75 years old, having 
been born in Berea, Ohio, on November 29, 
1269. He received the degree, A. B. and 
Ph. B. from Baldwin Wallace College, 
Berea, in 1891 and 1894, respectively, and 
Ph. D. from Johns Hopkins in 1899. For 
two years after this he taught science at 
his undergraduate alma mater, and then for 
one year taught zoology at Lincoln High 
School in Cleveland, Ohio. From 1902 to 
1906 he carried on research investigations 
at Ohio State University, and then joined 
the staff of the Florida Agricultural Ex- 
periment Station in 1906 as Entomologist. 
In 1911 he became State Inspector of 
Nursery Stock when that position was 
created by the Nursery Inspection Law, and 
on the creation of the State Plant Board 
in 1915, he became its Entomologist, a 
position which he filled with distinction un- 
til his retirement in 1943. 

His fame was widest in the field of 
entomogenous fungi, and was early attained. 
In 1912 he was awarded a silver medal at 
the Royal International Horticultural Ex- 
hibition in London for his exhibit of fungus 
parasites of white-fly and scales. While this 
work made him known internationally, he 
is well known in Florida for many other 
research and administrative activities. He 
engaged for many years in the culture of 
entomogenous fungi, and of the Vedalia 
ladybeetle for control of cottony-cushion 
seale, and distributed them to growers at 
cost. 

It was while Dr. Berger was Inspector of 
Nursery Stock that the epidemic of citrus 
canker developed in 19138, and much of the 
credit for the ultimate elimination of that 
serious disease must be given to the prompt 
measures he took for preventing its further 


spread and for destruction of infected trees. 
He also participated very actively in the 
Mediterranean fruitfly campaign in 1929-30. 

A man of modest and unassuming habits, 
Dr. Berger was held in affectionate esteem 
by the older generation of horticulturists in 
this state for his devotion to his work on 
their behalf and for his kindly personality. 
He joined the Society in 1907, became a 
life member in 1913 and in 1919 took a 
life membership also for Mrs. Berger. He 
was elected to honorary membership in 
1940 as an indication of the high regard 
in which he was held by the Society. 





GEORGE B. CELLON 


George Beauregard Cellon was born near 
Hague, Florida, on January 2, 1862 and died 
in his 84th year on March 2, 1945 in 
Miami. He was the ninth of the eleven 
children of John Alexander and Missamire 
Sparkman Cellon. John A. Cellon had come 
tc Florida with an aunt about 1830 as an 
orphan immigrant, having been born in 
Metz, France, and apprenticed at 12 years 
to a blacksmith, from whom he ran away 
because of ill treatment. He settled in 
Alachua County as a boy of 18, working for 
farmers, and spent the rest of his long life 
there as a farmer and carpenter, becoming 
a naturalized citizen in 1848. George spent 
his early years on the home farm near 
Hague, and early showed an interest in 
horticulture. Every farmer in Alachua 
County had a few seedling orange trees in 
ais yard, and George became noted in the 
late 70’s as one who could successfully bud 
these to named varieties. He then started a 
small nursery in Hague, propagating pecans, 
persimmons and oranges especially. Later 
he operated a general store in Branford, in 
partnership with his brother Francis. After 
a few years he moved to Gainesville, where 
he was in the building and loan business. 
His first wife, Eva Baxley of Lake City, 
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died here in 1890, and a few years later 
he married Lula Palmquist of Jacksonville, 
who ran a millinery store for some years 
in Gainesville. In 1900 he moved to Miami, 
where he is said to have arrived with only 
fifty dollars to his name. This was the 
turning point in his career, for here he 
remained the rest of his long life and here 
both fame and fortune came to him. 


It must have been very soon after his 
arrival in Miami he tried his skilled nursery- 
man’s hand at budding mangos and avocados. 
The Mulgoba had fruited in the summer of 
1898, the first time that fruit of the fine 
quality Indian mangos had been tasted in 
Florida, and demand was heavy for grafted 
trees. The one parent tree of Mulgoba was 
not very vigorous and inarching was the 
slow and cumbersome method employed for 
propagation. In December 1900, George 
Cellon patch-budded a few seedling mango 
stocks from a very small inarched tree of 
Mulgoba which Charles Paley had bought. 
Whether he had seen the account of suc- 
cessful patch budding by Horace Knight in 
the Queensland Agricultural Journal in the 
spring of 1900, or whether he merely tried 
the method he was accustomed to use in 
budding pecans, we shall probably never 
know, At any rate the trial was so success- 
ful that in the summer of 1901 he started 
the first commercial budding of mangos. 
About 1910, after Orange Pound of Coconut 
Grove had shown how to adapt shield bud- 
ding to the mango, he adopted this method 
ef propagation. 

Propagation of the avocado followed soon 
after that of the mango, and as Dr. Fair- 
child pointed out in another article in this 
issue, this was a more notable event in 
horticultural history than commercial 
mango budding. It was his propagation and 
popularization of the mango, however, which 
brought him fame, and his nursery catalogs 
featured pictures of him with turbanned 
Indians who had come to learn how he 
budded their ancient fruit. His fortune came 
partly from his successful nursery opera- 


tions over a period of more than twenty 
years, but much more from the appreciation 
in value of his real estate, which had been 
bought very cheaply in the days when Miami 
was a small town and became very valuable 
as the city expanded and took him in. 

In addition to his beginning commercial 
propagation of avocados and budding of 
mangos, his name is established in horticul- 
tural history for the varieties he selected. 
Trapp and Pollock were the first avocados 
ever propagated as varieties and they re- 
mained for 40 years without a superior for 
their season. The Lula variety is still one 
of the leaders in commercial plantings. And 
the Haden mango, the first Florida variety 
te be propagated, dominates the field today 
after 35 years of culture, although it is 
likely soon to lose its place for lack of 
productiveness. Except for the Lula avocado, 
which he raised from seed, the varieties he 
made famous were selected by him after 
others had fruited them, and he did no 
plant breeding at all, in spite of some popu- 
lar misconceptions. 

Always an individualist, be became more 
taciturn and morose as he grew older. His 
second wife estranged him from his family 
for forty years, and the children — one by 
his first and three by the second wife—all 
died in infancy. It is a pleasure to record 
that in his last few years, after the death 
of his wife in 1940 left him quite alone, 
he became reconciled to his family. For 
several years his brothers Frank and Francis, 
respectively next older and next younger 
than he, visited him during the winter in 
Miami, all being well beyond the scriptural 
three score and ten. The two brothers pre- 
deceased him, and George B., was the last 
of his generation. 





S. W. HIATT 


With the passing of Stephen W. Hiatt at 
age 70 on July 17, 1945, Florida lost one 
of its valued leaders in agricultural de- 
velopment. Long an ardent advocate of 








crderly marketing. Mr. Hiatt began his ser- 
vice as County Agent in 1910. Later he 
joined the Florida Marketing Bureau where 
since 1922 the weight and value of his 
counsel have been steadily felt throughout 
the state. As Marketing Specialist in Fruits 
and Vegetables through many years Mr. 
Hiatt has assisted in carrying out policies of 
the Bureau. His help proved invaluable in 
lecating and establishing Farm Markets for 
Florida State Farm Markets. His hundreds 
of friends throughout Florida and the fruit 





and vegetable interests of the state will 
miss his advice and counsel. 
JOHN H. JEFFERIES 
Mr. Jefferies was born in_ Streathan, 


England, in 1871. He came to the United 
States in November 1890 and settled on a 
grove at Fruitland, Putnam County, Florida. 
As a result of the 1894-95 freeze, he went 
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tc Lake City in 1896 as a gardener at the 
Florida Agricultural Experiment Station and 
remained there until 1905. From there he 
went to Willard, North Carolina, to work in 
one of the branch stations in that state. In 
1916 he returned to Florida and planted a 
grove near Largo. When the Citrus Experi- 
ment Station at Lake Alfred was author- 
ized, he became its first superintendent in 
1920 and remained at the Station until he 
retired on December 31, 1941. During the 
last several years Mr. Jefferies was at the 
Station most of his time was devoted to 
citrus breeding. His main interest was in 
crosses of limes and lemons with the hope 
cf developing a satisfactory acid fruit that 
could be grown successfully in Florida. 
After Mr. Jefferies retired he built a home 
rear Bradenton where he spent most of his 
time. However, he had also a cottage at 
Clearwater Beach, where he died on May 
27. 19465. 
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ANNUAL REPORTS 


REPORT OF SECRETARY 
STATEMENT OF OPERATIONS 1944-45 

















Receipts: Disbursements: 
Balance in Bank May 12, 1944 $215.50 Transfer to Treasurer $800.00 
Annual Memberships 1944 442.00 Balance in Bank Sept. 24, 1945 197,50 
Sustaining Memberships 1944 140.00 
Annual Memberships 1945 40.00 $997.50 
Sustaining Memberships 1945 70.00 
Life Memberships 1944 50.00 
Perennial Memberships 1945 10,00 
Sale of Proceedings 1944 6.00 
Sale of Proceedings 1945 24.00 
$997.50 
STATEMENT OF FINANCIAL CONDITION 
For Period Ending September 30, 1945 
| 
| Assets: 
Cash in Bank (Checking Account) ....-..-......---....... $1,717.79 
Cash in Bank (Savings Account) roe 52.18 
‘ $1,769.97 
Endowment Capital —-_.... patacecteey ainerennn etter 6,718.50 


$8,488.47 
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Liabilities: 
Endowment, Earned Interest__- 
Capital Account 
Memberships: 
Life - 
Patron 


Contributions 
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501.00 
500.00 


Interest Received on Savings PTAA NEA ES 


Receipts: 

Balance on Hand May 6, 1944 

Memberships: 
Annual 
Sustaining 
Perennial 


Transfer 


Proceedings 
From Secretary Floyd ___.. 


Less Per. Memb. in Svgs. Acct. 


Disbursements; 

Stationery and Supplies __ 
Convention Expense 
Miscellaneous Expense 


Sales EE eae 


1,144.55 
2,020.00 
18.00 


Bond Purchased from Checking Account Cer 


Proceedings Expense 


Cash on Hand October 1, 


1945 _.. 


$ 1,717.79 


72 
7,472.89 
1,001.00 


11.00 
2.86 


$8,488.47 


$1,237.30 


3,182.55 


87.00 
800.00 


$5,306.85 
18.00 


$5,288.85 


109.73 
121.00 
173.09 
1,110.00 
2,057.24 


$3,571.06 
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REPORT OF AUDITING COMMITTEE 


We, the members of the Auditing Com- 
mittee, beg to report that we have examined 
the books, vouchers, holdings and reports of 
the Secretary and the Treasurer of the 
Seciety, and find them correct. 


Respectfully submitted, 


H. S, Thulberry, Chairman, 
J. Victor Hodnett 
Paul A. Delameter 





REPORT OF EXECUTIVE COMMITTEE 
Meeting Of January 10th, 1945 


On January 10th, 1945 the Executive 
Committee held its first spring meeting 
for making plans for the 58th annual meet- 
ing of the Society. The meeting was held 
in the Haven Hotel in Winter Haven and 
there were present Messrs. Kime, Talbert, 
Woods, O’Byrne, Holland, Floyd, Jamison, 
Ward, Hartt, Thompson, and Dr. A. F. 
Camp as a visitor. 

After discussion it was moved to take up 
the matter of holding the 58th annual meet- 
ing with the Office of Defense Transporta- 
tion. 


It was the concensus that if the meeeting 
was held in Winter Haven, there would be 
a minimum of interference with war travel, 
as there were ample facilities for holding 
the meeting, and since most of the travel 
would be in private cars on gas already al- 
loted. 

It was therefore voted to select Winter 
Haven as the meeting place and much time 
was spent discussing details of the program. 

There being no further business, the 
meeting adjourned to meet at the call of the 
President. 


Meeting Of April 20th, 1945 


The meeting of the Executive Committee 
of the Florida State Horticultural Society 
was held in the Haven Hotel at Winter 
Haven on April 20th. 

There were present: Messrs O’Byrne, Hol- 
land, Floyd, Wolfe, Jamison, Edsall, Kime, 
Talbert, Ward, Hartt and Thompson. 

The first matter for discussion was the 
holding of the 58th annual meeting of the 
Society. After much discussion it was moved 
to hold the meeting in Winter Haven on 
May 28rd and 24th, ‘subject to permission 
being granted by the ODT. Since permission 
had been refused following the last meet- 
ing of the Committee, it was decided to 
renew the request. The President was asked 


to handle the matter. 

Much attention was given to the report of 
the Legislative Committee, Matters of par- 
ticular interest were Water Control Legis- 
lation and the Study for the State Institu- 
tions of Higher Learning. 

The Legislative Committee was instruc- 
ted to give such help as was possible. 

The program for the meeting was then 
discussed and numerous suggestions made. 
The Secretary was instructed to prepare 
the program in cooperation with the Presi- 
dent and Treasurer. 

There being no further business, the 


meeting adjourned to meet at the call of the 
President. 
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Meeting Of May 23rd, 1245 


Since requests for holding the 58th an- 
nual meeting of the Florida State Horticul- 
tural Society were twice refused by the 
Office of Defense Transportation, a meet- 
ing of the Executive Committee was called 
tc hear Committee reports and reports of 
the officers, and to transact any Society 
business that might regularly come before 
it. 

There were present, Messrs. 
Hartt, Ward, Wolfe, Jamison, Floyd, 
Thompson, Edsall, Talbert, Kime. Also 
present by invitation were A. F. Camp, J. 
H. Logan, Victor Hodnut, A. C. Brown and 
Leo Wilson. 


Since the Committee was reluctant to 
wiss an annual meeting after the holding of 
57 consecutive ones, it was moved to hold 
a meeting in October, provided travel re- 
strictions would allow. The President, Treas- 
urer and Secretary were appointed as a 
Committee to handle the matter as soon as 
conditions permit. 


O’Byrne, 


Reports were made by the President, 
Treasurer and Secretary. The Auditing 
Committee reported having audited the 


Treasurer’s books but the Secretary’s books 
were not yet audited, The Auditing Com- 
rrittee consisted of Victor Hodnut, Howard 
Thullbery and Delie Hunt. Reports of the 
previous meeting of the Executive Com- 
mittee were read and approved. 


In the absence of the regular meeting of 
the Society, the Committee voted that the 
officers of the Society should remain in of- 
fice until such time as the Society should 
meet again. 


Tentative selection of Winter Haven was 
made as the meeting place for the October 
meeting. There was further discussion of 
the proposed program for the October meet- 
ing. The Secretary and Chairman were in- 
structed to obtain as many of the manu- 
scripts as possible and to proceed with the 


printing of the Proceedings so far as pos- 
sible in order to cut the delay in printing. 
The speakers were requested not to submit 
their manuscripts to other publications 
until after it was decided definitely that no 
meeting would be held this year. 


Messrs. Wolfe and Jamison reported upon 
the proposed programs for the Krome 
Memorial and Vegetable Sections. The con- 
tract for the printing of the 1945 Proceed- 
ings was awarded to The Citrus Industry on 
basis of same unit costs as of 1944. 


The matter of publishing a history of 
the citrus industry was discussed but no 
cecision was arrived at. 


The matter of legislation in reference to 
water conservation was reported by Mr. 
Holland. The Legislative Committee was 
urged to use their best efforts to obtain 
passage of the proposed legislation. A 
Committee was appointed to visit with the 
cattlemen in the Kissimmee Valley section 
to solicit their support for the Water Con- 
servation Bill. 

It was also brought to the attention of 
the Committee that there was a possibility 
of the State Plant Board being removed 
from Gainesville to Tallahassee and being 
placed under a new board. Strong opposition 
was expressed to this move, and the Legis- 
ative Committee was asked to register their 
protest. 


The President was requested to appoint a 
Committee to support the possibility of the 
formation of an Agricultural Legislative 
Committee made up of representatives of 
all of the agricultural organizations in the 
State. 


Dr. A. F. Camp made an extended report 
on his recent visit to California to look 
into the Citrus Tree Decline situation. 

There being no further business the Com- 
mittee adjourned, subject to the call of the 
chairman, 
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Meeting Of September 7th, 1945 


The Executive Committee of the Horticul- 
tural Society held a meeting in the Orange 
Court Hotel in Orlando at 8 P. M. Septem- 
ker 7th. 


The following members of the Committee 
were present: O’Byrne, Jamison, Wolfe, 
Floyd, Holland, Edsall, Kime, Talbert, Hartt, 
Ward and Thompson. There’ were also 
present Dr. R. L. Miller, Dr. J. Wayne 
Reitz, Dwight Lucas, K. C. Moore, J. M. 
Carruthers and Art Karst, constituting a 
Local Committee for the arrangement of 
the 58th annual meeting in Orlando. 

Reports were made by the President, 
Treasurer and Secretary of the Soociety 
which were approved by the Committee. 

It was explained that due to travel re- 
strictions, the 58th annual meeting which 
was originally scheduled to meet in Winter 
Haven in May, had been cancelled, but now 
that these restrictions had been removed, it 
was possible to hold a fall meeting if 
desired and thus avoid breaking the sequence 
of the meetings that had been maintained 
since its beginning in 1888. After discussion 
it was moved to hold a fall meeting to 
take the place of the meeting that was can- 
celled in May. The dates were set for Oc- 
tober 2nd, 3rd and 4th and the place of 
meeting to be Orlando. 


At this time the Local Committee with- 
drew to hold a separate meeting to discuss 


facilities and other plans. They reported 
back that they suggested the Angebilt 
Hotel be selected for headquarters and 


meeting places, as they believed there were 
ample facilities there to handle the meetings. 
They appointed committees from their own 
group for publicity, exhibits, housing and 
other local plans in connection with the 
meeting, and decided to hold a meeting on 
Sept. 21st to receive progress reports from 
these committees, On motion, these plans 
were approved by the Executive Committee. 

Plans for literature exchanges with the 
Boyce Thompson Institute were discussed and 
referred to the President for further study 
and recommendation. 

Invitation from the Seminole Hotel in 
Jacksonville was extended to the Society, 
to hold its next meeting in Jacksonville. 
Reply was made that the Society did not 
accept invitations from individuals but con- 
sidered only those from groups and organi- 
zations in proposed places, avid suggesting 
that they extend their invitation through 
the Jacksonville Tourist and Convention 
Bureau. 

Details of the program were then 
cussed in detail, after which the 
adjourned. 


dis- 
meeting 


Executive Committee Meeting, October 3, 1945 


The Executive Committee of the Florida 
State Horticultural Society held a meet- 
ing at the Angebilt Hotel, Orlando, at 7:30 
P, M., October 3, 1945. Those present were 
Frank M. O’Byrne, F. S. Jamison, H. S. 
Wolfe, B. F. Floyd, Frank L. Holland, R. 
S. Edsall, C. D. Kime, Dale Talbert, W. F., 
Ward, and R. P. Thompson. 

Secretary B. F. Floyd reported that the 
present prices of Life Membership § and 


Pitron Membership were not satisfactory. 
After some discussion, it was moved by W. 
F, Ward and seconded by C. D. Kime that 
the Executive Committee recommend that 
the Life Membership be set at $50.00 and 
the Patron Membership at $100.00, the 
other memberships to remain the same. 
Passed. 

There being no other business, the meet- 
ing adjourned at 7:30 P. M. 
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REPORT OF NOMINATING COMMITTEE 


The Nominating Committee, after careful 
consideration of the matter, recommends 
the re-election of the same officers who 
served so well last year. 


Respectfully submitted, 
C. P. Hammerstein, Chairman, 
Gray Singleton 
T. Ralph Robinson 





REPORT OF THE RESOLUTIONS COMMITTEE 


Resolution on Tristeza Disease 


WHEREAS: The Tristeza Disease of citrus 
is killing out large areas of en- 
tire citrus groves on sour or- 
ange root stock in South Africa 
and South America, and 


WHEREAS: It is believed to have started 
in South Africa and spread to 
South America, and 


WHEREAS: The cause is unknown and no 
remedy has been found and its 
speed of spread and death to the 
trees is appalling, now therefore 
be it 

RESOLVED: That the Florida State Horti- 
cultural Society in session in 


Orlando, October 4, 1945, urges 
the State Officials of California, 
Texas, Arizona, and Florida to- 
gether with the officials of citrus 
organizations in said States and 
United States Department of 
Agriculture to arrange to send 
a corps of trained investigators 
to the affected areas to study 
the disease there, to learn its 
cause and work out a remedy, 
and be it further 

RESOLVED: That the Officers and Executive 
Committee of the Society be in- 
structed to push this matter to 
a successful conclusion. 





Final Resolutions 


WHEREAS: The Fifty-eighth Annual Meet- 
ing of the Florida State Horti- 
cultural Society assembled in 
the Angebilt Hotel, Orlando, on 
October 2nd, 3rd and 4th, 1945 
has added another to the long 
list of successful meetings of 
the Society, and 

WHEREAS: We are appreciative of the 
fact that through the holding of 


this meeting during the fall sea- 
son, we have been able to main- 
tain the unbroken sequence of 
meetings started by our prede- 
cessors in 1888, and 
WHEREAS: We are appreciative of the 
work and sacrifices of the men 
and women of the various services 
who have carried the war 
through to such a glorious con- 
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clusion, making it possible for 
this meeting to be held, and 
WHEREAS: The planning and _ carrying 
through of this meeting has in- 
volved the active cooperation of 


many of our members and 

friends; therefore, be it 
RESOLVED: That we wish to extend our 

hearty thanks to these mem- 


bers and friends and in doing 
so we wish it understood that 
this includes any whom through 
oversight may have been omit- 
ted from the following list: 

1. To the men and women of the various 
branches of the Service and in civilian life 
who have made it possible for us to live in 
peace and to live a normal life; 


2. To Dr. Ralph Miller and the other 
members of the Local Committee of the 
Society, for their effective handling of local 
arrangements; 


3. To Mr. M. B. Foster, of the Tropical 
Arts Nursery, for his excellent exhibit of 
rere orchids and tropical plants; 

4. To Mr. D. J. Nicholson of the Royal 
Purple Citrus Research Nursery, for the 
splendid exhibit of new citrus varities; 

5. To Mrs. W, R. Boone, who arranged 
the beautiful floral decorations on behalf 
of the Orlando Garden Clubs; 
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6. To the Orlando Morning Sentinel and 
the Orlando Reporter-Star, which have so 
graciously carried announcements of our 
meetings and so well recorded the papers 
delivered; 

7. To all state papers and various state 
magazines which have publicized our pro- 
gram in their recent issues; 

8. To Radio Station WDBO of Orlando, 
in helping to notify their listeners of our 
program; 

9. To the Florida Citrus Commission, for 
the effective and attractive advertising dis- 
play; 

10. To the management of the Angebilt 
Hotel, which provided meeting rooms and 
accommodating services for visiting mem- 
bers and friends; 

11. To Mr. M. H. McNutt and his Com- 
mittee for their gracious entertainment of 
our guest speaker, the Honorable Millard 
Caldwell, Governor of Florida; 

12. To the various members and guests 
who presented papers and otherwise assisted 
in making a successful meeting possible. 


Respectfully submitted, 


RESOLUTIONS COMMITTEE 
Frank Stirling, Chairman, 
Ralph L. Miller 
L. Rogers McLain 





Bereased Members 


DR. E. W. BERGER 


GEORGE B. CELLON 


S. W. HIATT 


JOHN H. JEFFERIES 


JOHN FUGAZZI - 


E. S. LAFFERTY 


GAINESVILLE 


- - MIAMI 


JACKSONVILLE 


- BRADENTON 


CLEARWATER 


- - PIERCE 
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